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$%.'*&.$5!.>$!7,.$-.'&3!,2!!"/%&'()*+,-.$!.,!&+.!&%!&!0/'5:$!8$+.,/!,2!`,,-,.'+!5'%$&%$%!
&.!.>$!2,/$%.a)/0&-!'-.$/2&+$%!'-!E/&`'3?!L>'%!{,/t!,7$-%!&!-${!/$%$&/+>!&/$&!'-!{>'+>!
2)/.>$/! '-8$%.':&.',-%!+,)35!0$! /$3$8&-.! .,!0$..$/!&%%$%%! .>$!7,.$-.'&3!%7'33Z,8$/! /'%t!,2!
`,,-,.'+!8'/)%$%!2/,*!2,/$%.$5!.,!)/0&-!&/$&%!{'.>! .>$!&'*!.,!*'.':&.$!7,.$-.'&3! 2).)/$!
8'/&3!$*$/:$-+$%?!
!

!
!
E#FG6%/*4!!"#"$%&'()*+,-.$4!T5:$!2,/$%.4!&/0,8'/&3!$*$/:$-+$4!c,,-,.'+!$*$/:'-:!

5'%$&%$%4!T+,3,:<!
!
!
!
!
!
!
!
!
!
!

!



! [g!

H'*)#!/#*!+,-.#,7A!

!
+,-.#,7!3!4!TS$*73$%!5F'-2$+.',-%!-&.)/$33$%!7&/!5$%!&/0,8'/)%!/$7,/.1$%!+>$`!!"#"$%

&'()*+,-.$/!??????????????????????????????????????????????????????????????????????????????????????????????????????????!^h!

+,-.#,7!>!4!TS$*73$%!5F&/0,8'/)%!'*7,/.&-.%!$-!%&-.1!7)03'()$?!????????????????????????????!hh!

+,-.#,7!I!4!W-2,/*&.',-%!/$3&.'8$%!&)S!%'.$%!5$!+,33$+.$?!??????????????????????????????????????????!bb!

+,-.#,7!J!4!l&*'33$%4!:$-/$%!5$%!gh!$%7=+$%!8'/&3$%!+/'031$%?!????????????????????????????????!vh!

+,-.#,7!K!4!B0,-5&-+$!.,.&3$!7&/!$%7=+$!$.!7&/!`,-$!5$!+,33$+.$?!????????????????????????![^^!

+,-.#,7!L!4!Y,5=3$!5$!/1:/$%%',-!3'-1&'/$!5$%!'-5'+$%!5$!5'8$/%'.1!$-!2,-+.',-!5$!3&!

5'%.&-+$??!??????????????????????????????????????????????????????????????????????????????????????????????????????????![^f!

+,-.#,7!C!4!A1.&'3%!5$!3&!5'8$/%'.1!V&**&!7&/!$%.'*1$!&)S!-'8$&)S!%,)%Z:$-/$%!,)!

$%7=+$%?!???????????????????????????????????????????????????????????????????????????????????????????????????????????![^b!

+,-.#,7!M!4!@$%!51.&'3%!5$!3&!5'8$/%'.1!V&**&4!B37>&!/1:',-&3$!$.!E9.&!7&/!$%7=+$%!

,)!%,)%Z:$-/$%4!$.!`,-$!5$!+,33$+.$4!%$3,-!#,%.!^\\f?!????????????????????????????????????![^v!

+,-.#,7!=!4!D1%)3.&.%!5$!@IEA!7&/!2/&:*$-.!2,/$%.'$/!;!3&!E9.&!5'8$/%'.1?!????????????![g[!

+,-.#,7!3N!4!7Z8&3)$!5$!3&!+,-./'0)'.',-!5$!+>&()$!5'%.&-+$!7&/!2/&:*$-.!2,/$%.'$/!;!3&!

E9.&!5'8$/%'.1?!??????????????????????????????????????????????????????????????????????????????????????????????????![g^!

+,-.#,7!33!4!D1%)3.&.%!5$!kIEA!7&/!0,/5)/$!5$%!2/&:*$-.%!2,/$%.'$/%?!???????????????![gg!

+,-.#,7! 3>! 4! @'%.$! 5$%! 8'/)%! '-8$%.':)1%! ;! 36&'5$! 5$! C)+$! l3)'5:*! $.! +3&%%1%! 7&/!

2&*'33$%4!:$-/$%?!???????????????????????????????????????????????????????????????????????????????????????????????![h[!

+,-.#,7!3I!4!@,.%!51.$+.1%!7,%'.'2%!&8$+!3F&-&3<%$!7&/!3&!C)+$!l3)'5:*??!??????????????![h^!

!
!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



 

! [h!

H'*)#!/#*!O'P7%#*!

 

O'P7%#!3! 4!I&/.$!*,-./&-.! 3&!5'%./'0)'.',-!*,-5'&3$!5F!"#"$%&'()*+,-.$0%&5&7.1$!5$!

d/&$*$/!$.!&3!^\[_?!T-!/,):$4!3$%!/1:',-%!,}!3&!7/,0&0'3'.1!5$!7/1%$-+$!5F!"#"$%

&'()*+,-.$%$%.!1:&3$!;![4!$-!03$)!3$%!/1:',-!,}!+$..$!7/,0&0'3'.1!$%.!1:&3$!;!\?!@$%!

+$/+3$%!$-!-,'/!*$..$-.! $-!18'5$-+$! 3F&'/$! 5$! /17&/.'.',-!>'%.,/'()$!$.! 3$! +$-./$!

5F,/':'-$!5$!3F$%7=+$?!?????????????????????????????????????????????????????????????????????????????????????????!g\!

O'P7%#!>!4!D$7/1%$-.&.',-!%+>1*&.'()$!5F)-!,$)2!5F!"/%&'()*+,-.$0%&5&7.1$!5$!k)*&-!

$.! &3! ^\[[?! BP! /$7/1%$-.$! 3&! 8)$! 5,/%&3$! 5$! 36,$)2! *$..&-.! $-! 18'5$-+$! 3$%!

,/-$*$-.&.',-%! $-! "j"! 5$! 36$S,+>,/',-?! EP! 8)$! 8$-./&3$! 5$! 36~)2! %,)3':-&-.! 3&!

>&).$)/!*,<$--$!"e"!5$%!~)2%?I!P!G)$! 3&.1/&3$!5$! 3F~)2!%,)3':-&-.! 3&! 3,-:$)/!

*,<$--$!"!@!"!5$%!,$)2%?!C!m!2&+$!7,%.1/'$)/$!5$!3F~)2!y!B!m!2&+$!&-.$/'$)/$!5$!

3F~)2!y!YC!m!*'+/,7<3$?!????????????????????????????????????????????????????????????????????????????????????????!g^!

O'P7%#!I!4!@&/8$!5F!"/%&'()*+,-.$?!BP!C>,.,!5$!3&/8$%!5$!%.&5$%!WWW!$.!WG4!EP!@$!%$:*$-.!

GWWW! 7,/.&-.! 3$! 7$':-$! $.! 3$! %$:*$-.! W]! &8$+! 3$%! 7&7'33$%! &-&3$%! $.! 3$! %'7>,-!

/$%7'/&.,'/$4!IP!:/,%%'%%$*$-.!5$%!5$-.%!-,-!/&*'2'1$%!+,*7,%&-.!3$!7$':-$!5)!

>)'.'=*$! %$:*$-.! 5$%! 3&/8$%?! B5&7.1! 5$! C&)7<! $.! &3?! ^\\v! $.! >..7maa0','-2,Z

{$0?*73?'/5?2/a'5$-.'+'$3%a*,%t$<.,,3�G^a>.*3a'-5$S?>.*3?!?????????????????????????????????!g_!

O'P7%#!J! 4!BP!B5)3.$%!5F!"#"$%&'()*+,-.$0%EP!C>,.,:/&7>'$!5)! .>,/&S!&8$+! 3&! 3':-$!

3,-:'.)5'-&3$!+$-./&3$!5F$+&'33$%!&/:$-.1$%4!IP!A1.&'3%!5$!3&!.9.$!&8$+!3$%!,/:&-$%!

%$-%,/'$3%4! AP! A1.&'3%! 5$! 3F&05,*$-! %$:*$-.1! &8$+! 5$%! 1+&'33$%! &/:$-.1$%?!

>..7maa{/0)?,/:a*(WAa*(�*$5%7+aBAaBT&30�>&0?>.*3?!?????????????????????????????????????!gf!

O'P7%#!K!4!D$7/1%$-.&.',-!%+>1*&.'()$!5$!3&!71/',5$!$S./'-%=()$!56'-+)0&.',-?!?????!h_!

O'P7%#! L! 4! I&/.$! /17/1%$-.&-.! 3$%! 5'221/$-.%! 0',*$%! 5)! E/1%'3! OB5&7.1! 5$!

>..7maa{{{?**&?:,8?0/a0',*&%?>.*3!&++$51!3$![fa[[a^\[bP?!????????????????????????????!_^!

O'P7%#!C!4!k'.$%!561+>&-.'33,--&:$!56!"/%&'()*+,-.$!5&-%!5'S!'-.$/2&+$%!o!2,/9.Z)/0&'-!q!

&)!E/1%'3?!BP!@,+&3'%&.',-!5$%!5'S!%'.$%!&)!E/1%'3y!EP! W*&:$%!%&.$33'.$%!*,-./&-.!

+>&()$! %'.$! 561+>&-.'33,--&:$! %,)%! 3&! 2,/*$! 56)-! 7,'-.! /,):$?! @$%! '*&:$%!

%&.$33'.$%! ,-.! 1.1! .131+>&/:1$%! ;! 7&/.'/! 5$! >..7%maa$&/.>$S73,/$/?)%:%?:,8! $.! 3$%!

+&/.$%!,-.!1.1!1.&03'$%!;!36&'5$!5$!�:'%!^?[b?[h?!????????????????????????????????????????????????!bg!

O'P7%#!M!4!V/'33$!/$7/1%$-.&-.!3$%!7,%'.',-%!5$!+,33$+.$%!$-!2,/9.!%$3,-!)-!:/&5'$-.!5$!

71-1./&.',-?!@$%!7,'-.%!03&-+%!/$7/1%$-.$-.!3$%!7,%'.',-%!5$!+,33$+.$%?!????????????!v\!

O'P7%#! =! 4! D$7/1%$-.&.',-! %+>1*&.'()$! 5F)-! 7'=:$! 7,-5,'/?! B5&7.1! 5$!

>..7maa{{{?+)$-+&/)/&3?+,*a>':'$-$�&*0'$-.&3ab^\vbZ5$-:)$Z3&Z'*7,/.&-+'&Z

5$3Z'-5'+$Z5$Z0/$.$&)Z'0Z$-Z3&Z7/$8$-+',-Z<Z+,-./,3a4!&++=%!$-![f?\g?^\[h?!?????!v[!



! [_!

O'P7%#!3N!4!C'=:$!E:Zk$-.'-$3?!@$%!23=+>$%!R&)-$%!'-5'()$-.!3&!`,-$!5F&%7'/&.',-!5$%!

*,)%.'()$%y!@$%!23=+>$%!/,):$%!'-5'()$-.!3&!`,-$!5F$S./&+.',-!5$!3F&'/!()'!7$/*$.!

5$! 3'01/$/! 36&../&+.'2! +>'*'()$! 73&+1! ;! 36'-.1/'$)/! 5)! 7'=:$! OEVZ@)/$P?!B5&7.1! 5$!

>..7maa{{{?0:Z%$-.'-$3?+,*a4!&++=%!3$![f?\g?^\[g?!????????????????????????????????????????????!v^!

O'P7%#!33!4!BP!C)+$!vw�vw!&33&-.!5&-%!3F&).,*&.$!E',*&/t!l3)'5':*?!EP!k+>1*&!5F)-$!

7)+$!vw�vw?!A)!+r.1!R&)-$!%,-.!517,%1%!3$%!/1&+.'2%!O�!&*,/+$%!$.!%,-5$%P!$.!5)!

+r.1!/,%$!%,-.!517,%1%!3$%!1+>&-.'33,-%?!@$%!/1&+.',-%!5$!(CID!,-.!3'$)!5&-%!3$%!

v!^[w!+>&*0/$%!/1&+.',--$33$%!*'+/,23)'5'()$%!&)!+$-./$!5$!3&!73&()$!O/1&+.',-%!

'-5'8'5)$33$%P?!?????????????????????????????????????????????????????????????????????????????????????????????????????!vh!

O'P7%#!3>! 4!B0,-5&-+$!5$%!*,)%.'()$%!:,/:1%!()'!%$!%,-.!-,)//'%!%)/! 3$%!*9*$%!

$%7=+$%!5$!8$/.$0/1%!()F!"/%&'()*+,-.$/!?????????????????????????????????????????????????????????![\_!

O'P7%#!3I!4!B0,-5&-+$!/$3&.'8$!5$%!$%7=+$%!&-.>/,7'()$%!!"/%&"12*-+4!!"/%&'()*+,-.$!

$.!34/%5.+65."7&$,+&-.$!$.!5$%!$%7=+$%!%$38&.'()$%!-&.'8$%?!??????????????????????????![^w!

O'P7%#!3J!4!C3,.!5)!*,5$3$!3'-1&'/$!7,)/!3FB37>&!5'8$/%'.1!$%.'*1$!$)!-'8$&)!5)!%,)%Z

:$-/$!&8$+!e'33!-)*0$/!(�[?!????????????????????????????????????????????????????????????????????????????![^f!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



 

! [w!

H'*)#!/#*!,-%?Q',)'6(*!

!
BY!! 3FT.&.!5FB*&`,-&%!
BCTXG! 3$!8'/)%!B7$)!
EB!! 3FT.&.!5$!E&>'&!
ETL! 0/,*)/$!56$.>'5)*!
Ek�G! 3$!8'/)%!E)%%)()&/&!
IBDG! 3$!8'/)%!I&/&7&/)!
IAI! I$-.$/%!2,/!A'%$&%$!I,-./,3!&-5!C/$8$-.',-!
+AJB! &+'5$!51%,S</'0,-)+31'()$!+,*731*$-.&'/$!
ITG! 3$!8K/)%!5$!3FT-+$7>&3'.$!5$!I&3'2,/-'$!
IeWdG!! 8'/)%!5)!I>'t)-:)-<&!!
IeCG! 3$!8'/)%!I>&-5'7)/&!
IL�E! +<.,+>/,*$!,S'5&%$!0!
IGG! 3$!8'/)%!I&+>$!G&33$<!
ATJG!! 3$!8'/)%!5$!3&!A$-:)$!!
ATJGZ![!! k1/,.<7$![!5)!8'/)%!5$!3&!5$-:)$!!
ATJGZ!^!! k1/,.<7$!^!5)!8'/)%!5$!3&!5$-:)$!!
ATJGZ!g!! k1/,.<7$!g!5)!8'/)%!5$!3&!5$-:)$!!!
ATJGZ!h!! k1/,.<7$!h!5)!8'/)%!5$!3&!5$-:)$!!
AYTY! A)30$++,!Y,5'2'$5!T&:3$!Y$5')*!!

AJB!! &+'5$!51%,S</'0,-)+31'()$!
TTTG! 3$!8'/)%!5$!36T-+17>&3'.$!T()'-$!5$!3FT%.!
TTGG! 3$!8'/)%!5$!36T-+17>&3'.$!T()'-$!G1-1`)13'$--$!
Tk!! 3FT.&.!5$!3FT%7'/'.,!k&-.,!
VYBG! 3$!8'/)%!V)&*&!
Vj!! 3FT.&.!5$!V,'&%!!
VDjG! 3$!8'/)%!V)&/,&!
WEVT!! 36W-%.'.).!0/1%'3'$-!5$!:1,:/&7>'$!$.!5$!%.&.'%.'()$!
W@eG! W$!8'/)%!3>$)%!
WL�G! 3$!8'/)%!W.&()'!
#IG! 3$!8'/)%!#&*$%.,{-!I&-<,-!
#TG! 3$!8'/)%!#&7&-$%$!T-+$7>&3'.'%!
#XDG! 3$!8'/)%!#)/,-&!
dT�G! 3$!8'/)%!d$<%.,-$!
t*! t'3,*=./$!
@BIG! 3$!8'/)%!@&!I/,%%!
*! *=./$!
YB�G! 3$!8'/)%!Y&<&/,!
YV!! 3FT.&.!5$!Y'-&%!V$/&'%!!
YWT!! Y&3&5'$%!W-2$+.'$)%$%!T*$/:$-.$%!
**! *'3'*=./$!
YXDG! 3$!8'/)%!Y)/).)+)!
JAGW! 36'-5'+$!5$!81:1.&.',-!7&/!5'221/$-+$!-,/*&3'%1!
JTCG! 3$!8'/)%!J$7)<,!
JeC! 7/'*&.$%!-,-!>)*&'-%!
jDWG! 3$!8'/)%!j/'0,+&!
jDjG! 3$!8'/)%!j/,7,)+>$!
jDXG! 3$!8'/)%!j/)-:,!
CBej!! C&-!B*$/'+&-!e$&3.>!j/:&-'`&.',-!
CID! /1&+.',-!$-!+>&s-$!7&/!7,3<*1/&%$!
CjLG! 3$!8'/)%!C,.,%'!



! [f!

(CID! /1&+.',-!$-!+>&s-$!7&/!7,3<*1/&%$!$-!.$*7!/1$3!

(DLZCID!
L/&-%+/'7.',-%!'-8$/%$!%)'8'$!5$!/1&+.',-!$-!+>&s-$!7&/!
7,3<*1/&%$!()&-.'.&.'8$!

DTkG! 3$!8'/)%!D$%.&-!
D#!! 3FT.&.!5$!D',!5$!#&-$'/,!
DJB!! &+'5$!/'0,-)+31'()$!
DJB/[wk! :=-$!+,5&-.!7,)/!3F)-'.1![wk!5$%!/'0,%,*$%!
DjIG! 3$!8'/)%!D,+',!
DDG! 3$!8'/)%!D,%%!D'8$/!!

DLZCID!!
L/&-%+/'7.',-%!'-8$/%$!%)'8$!5$!/1&+.',-!$-!+>&s-$!7&/!
7,3<*1/&%$!

DGlG! 3$!8'/)%!D'2.!G&33$<!2$8$/!!
kWJG! 3$!8'/)%!k'-5'%!
k@TG! 3$!8'/)%!k&'-.!@,)'%!
kkeG! 3$!8'/)%!k-,{!%>,$!>&/$!
LIYG! 3$!8'/)%!L&+&')*&!
LTJG! 3$!8'/)%!L$-%&{!
LGLG! 3$!8'/)%!L/'8'..&.)%!!
XJBG! 3$!8'/)%!X-&!
uTTG! 3$!8'/)%!5$!36T-+17>&3'.$!T()'-$!5$!3Fj)$%.!
uJG! 3$!8'/)%!u$%.!J'3$!!
uDEX!! u&3.$/!D$$5!E',%<%.$*&.'+%!X-'.!
�lG! 3$!8'/)%!5$!3&!l'=8/$!#&)-$!
cWdG! 3$!8'/)%!c't&!
�*!! *'+/,*=./$!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



 

! [b!

!



! [v!

2D"+5@!3!4!

5R+"9STU+59R!

8VRV"DH@!@+!

9WX@U+5OY!
!

!

!

!

!

!

!

!

!

!

G'33&:$!D',!C&/5,!;!+,.1!5$!Y&-&)%!Z!^\[w!

! !



 

! ^\!
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!
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!



! ^[!

@F>,**$! &4! 5$7)'%! .,)R,)/%4! 7/,2,-51*$-.! *,5'2'1! 3$%! 1+,%<%.=*$%!

-&.)/$3%4!7&/!%,-!&+.',-!5F&-.>/,7'%&.',-?!

I$%!7$/.)/0&.',-%!&-.>/,7'()$%!,-.!1.1!&*73'2'1$%!&8$+!36&8=-$*$-.!5$!3&!

*,-5'&3'%&.',-4! $-./&'-&-.! 5$%! +,-%1()$-+$%! 5F&*73$)/! %)/! 3$%! 1()'3'0/$%!

0',3,:'()$%!Oe)3*$!^\\vP?!B'-%'4!3$%!7/$%%',-%!$-8'/,--$*$-.&3$%!+&)%1$%!7&/!

3F'-5)%./'$! &:/,Z&3'*$-.&'/$4! %,-.! /$%7,-%&03$%! 5$! 3&! 5$%./)+.',-! 5$%!

1+,%<%.=*$%!2,/$%.'$/%!&)!7/,2'.!5F'**$-%$%!`,-$%!515'1$%!;!3&!*,-,+)3.)/$!$.!

;! 3F13$8&:$! OY,/%$! [vv_4! A&%`&t! $.! &3?! ^\\\P?! A$! *9*$4! 3F$S73,'.&.',-!

&:/,2,/$%.'=/$4!*'-'=/$4!,)!$-+,/$!3&!+,-%./)+.',-!5$!0&//&:$%4!7,)/!/17,-5/$!;!

3&!5$*&-5$!+/,'%%&-.$!$-!1-$/:'$!13$+./'()$4!2/&:'3'%$-.!3$%!1+,%<.=*$%!-&.)/$3%!

$.!<!1/,5$-.! 3&!0',5'8$/%'.1! OY,/%$![vv_4!A&%`&t!$.!&3?!^\\\P?!B!+$3&4!%F&R,).$!

3F&++131/&.',-! 5$%! 7/,+$%%)%! 5F)/0&-'%&.',-?! I$%! $S73,'.&.',-%! +&)%$-.! 3$!

51%1()'3'0/$! 1+,3,:'()$! 5$%! +,**)-&).1%! 0',3,:'()$%! ()'! %F&++,*7&:-$-.!

5F)-$!&):*$-.&.',-!5$!36'-+'5$-+$!$.!5$!3&!2/1()$-+$!5$%!Y&3&5'$%!W-2$+.'$)%$%!

T*$/:$-.$%! OYWTP! 5,-.! ,-! $%.'*$! ()$! f_x! 5F$-./$Z$33$%! %,-.! 5F,/':'-$!

`,,-,.'()$!OL&<3,/!$.!&3?!^\\[4!u'3+,S!&-5!V)03$/!^\\_4!#,-$%!$.!&3?!^\\bP?!@$!

/'%()$!561*$/:$-+$!`,,-,.'()$!$%.!13$81!5&-%!3$%!/1:',-%!2,/$%.'=/$%!./,7'+&3$%!

%,)*'%$%!;!+$%!$S73,'.&.',-%4!-,.&**$-.!$-!3'$-!&8$+!)-$!5'8$/%'.1!13$81$!5$!

*&**'2=/$%!$.!3$%!+>&-:$*$-.%!5&-%!36).'3'%&.',-!5$%!%,3%!OB33$-!$.!&3?!^\[fP?!
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%)**&/'`$5! '-! l':)/$! h4! {'.>,).! .&t'-:! '-.,!

&++,)-.! .>$! 5'22$/$-.! *,%()'.,! 7,7)3&.',-%!

)%$5!&-5!.>$!8'/&3!3,&5%!,/!:$-,.<7$%?!

L>)%4! ./&-%*'%%',-! {&%! +,-2'/*$5!

2,/![g!8'/)%m!IeCG4!TTTG4!#IG4!#TG4!@BIG4!

YB�G4! jDXG4! CjLG4! DDG4! DGlG4! GTTG4!

uJG! &-5! �lG?! B*,-:! .>$-4! {$! +&3+)3&.$5!

.>$! /$3&.'8$! ./&-%2$/! /'%t! {'.>! .>$! 5&.&! 2/,*!

L/&-%*'%%',-! T22'+'$-+<! &-5! E3,,5! l$$5'-:!

E$>&8',/! ,-3<! 2,/! [\! ,2! .>$%$! &/0,8'/)%!

8'/)%$%?! u$! 5'5! -,.! +,-%'5$/! /$3'&03$!

./&-%*'%%',-!$22'+'$-+<!/$%)3.%!2,/!IeCG!&-5!

#IG! 5)$! .,! 3,{! ,0%$/8&.',-! -)*0$/?!

L/&-%*'%%',-! .$%.%! 2/,*! '-./&Z.>,/&+'+!

'-,+)3&.',-!{$/$!-,.!+,-%'5$/$54!&%!5$%+/'0$5!

'-! .>$! *$.>,5,3,:<?! L>)%4! .>/$$! ,2! [g!

&/0,8'/)%! {&%! $S+3)5$5! OIeCG4!jDXG! &-5!

#IGP! 2,/! .>$! /$3&.'8$! /'%t! ,2! 8'/)%! ./&-%2$/!

&-&3<%$%?!

!

9"'&-+8"%9+$:%);%<+5.$%=5&6$;"5%

%

l,/! .>$![\!%$3$+.$5!&/0,8'/)%$%!{$!

,0%$/8$5! &-! '*7,/.&-.! 8&/'&.',-! ,2! D$3&.'8$!

D'%t! ,2! G'/)%! L/&-%2$/! ODDGLPZ! 8&3)$%! {'.>!

*$&-O�! %.&-5&/5! 5$8'&.',-P! /&-:'-:! 2/,*!

TTTG! O[\?hw�g?_P4! #TGOf?[�^?gP4! GTTG!

Ow?v�h?[P4! @BIG! O_�^?[P4! DDGOh?b�[?bP4!

CjLGO^?f�[?fP4!uJGO[?b�\?hP4!�lG!O[?_�[P!4!

DGlG!O\?v�\?wP!4!&-5!YB�G!O\?w�\?[P4!.>$%$!

/$%)3.%!{'.>!.>$'/!8&/'&-+$!&/$!%>,{$5!'-!l':?!

_?!l,/!uJG!&-5!�lG!DDGLZ%!"/%&'()*+,-.$!!

{&%! +,*7&/$5! .,! DDGL! /$2$/$-+$%! 8&3)$%!

$%.'*&.$5! 2,/! $22'+'$-.! -&.)/&3! 0/'5:$!8$+.,/%!

O34/% *+*+"6$% 2,/!uJG! &-5% F1% '".,),"'"6.$%

&-5!!"/%$+:*$)6+% 2,/!�lGP!$?!l,/!uJG4!,)/!

/$%)3.%! '-5'+&.$5! .>$!DDGL! 8&3)$! +&3+)3&.$5!

2,/!3.'"4%*+*+"6$!O[?[�[P!'%!+,*7&/&03$!.,!.>&.!

,0.&'-$5! 2,/! !"/% &'()*+,-.$! O[?b�\?hP?!

u>$/$&%!.>$!DDGL!8&3)$!+&3+)3&.$5!2,/!�lG!

'-!!"/%&'()*+,-.$! O[?_�[P! '%!+,*7&/&03$!{'.>!

.>&.! 2,/!!"/% $+:*$)6+! O[?f�\?gP4! .>$! 8&3)$! '%!

>':>$/! .>&-! .>&.! +&3+)3&.$5! 2,/! F1/%

'".,),"'"6.$! O\?w�\?[P! Ol':)/$! _P?! L>$!

/$3&.'8$!/'%t!2,/!u$%.!J'3$!'%!$()'8&3$-.!.,!.>&.!

,2! 34/% *+*+"6$4! &-5! 2,/! �lG! '-! B2/'+&! O2,/!

!"#"$%$+:*$)6+P!0$'-:!>':>$/!'-!/$3&.',-!{'.>!

�lG!'-!B*$/'+&!O2,/!F1/%'".,),"'"6.$P?!!

!

S'*&7**'6(!,(/!U6(&.7*'6(!

!

L>$!7/$%$-.!{,/t4!{$! 2,+)%!,-!!"/%

&'()*+,-.$4! {>,%$! 5'%./'0).',-! >&%! /$+$-.3<!

$S.$-5$5!&+/,%%!+,-.'-$-.%!&-5!$+,%<%.$*%4!

.,! 5'%$-.&-:3$! '.%! 7,.$-.'&3! /,3$! &%! &! 0/'5:$!

8$+.,/! &-5! 7,.$-.'&33<! 2&8,/'-:! ./&-%2$/! ,2!

`,,-,.'+! &/0,8'/)%$%! 2/,*! $-`,,.'+! >,%.%! .,!

>)*&-%!&-5!8'+$Z8$/%&?!l,/!.>'%!7)/7,%$4!{$!

$8&3)&.$5! '.%! &0'3'.<! .,! +,3,-'`$! %<38&-!

$S,%<%.$*%!O'?$?!&-5!-&.)/&3!0/$$5'-:!%'.$%P4!



 

! wb!

'.%!&77$.$-+$! 2,/!&-'*&3!03,,5!%,)/+$%4!&-5!

'.%! :3,0&3! $22'+'$-+<! 2,/! ./&-%*'..'-:!

&/0,8'/)%$%?!u$!$%.'*&.$5!&!/$3&.'8$!./&-%2$/!

/'%t! 2,/! .>$! &/0,8'/)%$%! {>'+>! {$/$!

+,-%'5$/$5!!&%!7,.$-.'&33<!./&-%*'..$5!0<!!"/%

&'()*+,-.$?!L>'%!*,%()'.,$%!{&%!5$%+/'0$5!&%!

+&7&03$! ,2! 5$8$3,7'-:! '-2$+.',-! 2,/! ! &! 3&/:$!

-)*0$/!,2!&/0,8'/)%$%!Og^!.,!,)/!t-,{3$5:$P!

OG&-3&-5'-:>&*!$.!&3?!^\[wP4!>,{$8$/!0&%$5!

,-! .>$! 7)03'%>$5! $8'5$-+$%! &0,).! 8$+.,/!

+,*7$.$-+$! {$! 5$*,-%./&.$5! '.%!

./&-%*'%%',-!2,/!,-3<![g!,2!&/0,8'/)%?!!

W-! /$3&.',-! .,! .>$! +&7&+'.<! ,2! !"/%

&'()*+,-.$! .,! $%.&03'%>! '-! -&.)/&3! &/$&%!

O/)/&3a%<38&-! $-8'/,-*$-.%P4! ./$$! >,3$%!{$/$!

5$%+/'0$5! &%! .>$! *,%.! +,**,-! -&.)/&3!

0/$$5'-:!%'.$%4!&3%,!0$'-:!5$.$+.$5!'-!0&*0,,!

%.)*7%! &-5! %7,/&5'+&33<! '-! /,+t! >,3$%! &-5!

73&-.! &S'3%Oe&{3$<! [vbbP?! J$8$/.>$3$%%4! ,)/!

&-&3<%'%! '-5'+&.$%! .>&.! +,+,-).! %>$33%4!

0/,*$3'&5%!&-5!0&*0,,!%.)*7%!*':>.!0$!&%!

+,**,-!&%!./$$!>,3$%4!0).!/,+t!>,3$%!&-5!3$&2!

&S'3%! ,2! ,.>$/! 73&-.%! 3$%%! +,**,-?! L>$%$!

/$%)3.%! *':>.! 0$! 0'&%$5! 5)$! .,! 5'22$/$-+$%!

&+/,%%!%.)5'$%!/$3&.$5!.,!%&*73'-:!$22,/.!&-5!

.,! $-8'/,-*$-.&3! +>&/&+.$/'%.'+%! ,2! %&*73$5!

&/$&%?! L>$/$2,/$4! .>$%$! /$%)3.%! %>,)35! 0$!

+,-2'/*$5! 0<! +,*7&/'%,-! %./&':>.2,/{&/5!

3&/8&3! %&*73'-:! '-! -&.)/&3! &-5! &/.'2'+'&3!

0/$$5'-:! %'.$%! '-! -&.)/&3! &/$&%! &-5! 2,/$%.!

$5:$%4! &-5! {>$-! 7,%%'03$4! 5$%+/'0'-:! &-5!

+,*7&/'-:! .>$! 7/,5)+.'8'.<! ,2! .>$%$! >&0'.&.%!

0<! 7)7&3! %&*73'-:4! {'.>! .>$! %&*$!

*$.>,5,3,:<! .>&-! 2,/! ()&-.'2<'-:! .>$!

7/,5)+.'8'.<! ,2! &-.>/,7'+! +,-.&'-$/%! '-! )/0&-!

&/$&%! Ol,+t%! ^\\hP?! l,/! $S$*73$4! &! %.)5<!

5,-$! '-! D',! 5$! #&-$'/,! %>,{$5! .>&.! .>$!

7$/+$-.&:$! ,2! !"/% &'()*+,-.$! '-! 0/,*$3'&5%!

{&%!\?[bx4!5$*,-%./&.'-:!.>$!3,{!7/,5)+.',-!

,2! 3&/8&$! ,2! .>'%! 0/$$5'-:! 73&+$?! e,{$8$/4!

%.)5'$%! &/$! 3&+t'-:! .>&.! 5$%+/'0$! .>$!

7/,5)+.'8'.<! ,2! -&.)/&3! 0/$$5'-:! %'.$%! '-! .>$!

-&.)/&3! $-8'/,-*$-.! ,/! '-! .>$! '-.$/2&+$%!

0$.{$$-! .>$! -&.)/&3! $-8'/,-*$-.! &-5! .>,%$!

*,5'2'$5!0<!*&-?!

j)/! /$%)3.%! &3%,! +,-2'/*$5! .>$!

,77,/.)-'%.'+! 03,,5! 2$$5'-:! 0$>&8',/! ,2! !"/%

&'()*+,-.$4! &-5! '.%! %./,-:! 7/$2$/$-+$! 2,/!

*&**&3%4!&-5!$%7$+'&33<!>)*&-!O>)*&-%!�!

w^x4!-,-Z>)*&-!�!g[xP!+,*7&/$5!.,!,.>$/!

:/,)7%!&%!0'/5%!OhxP?!J)*$/,)%!/$%$&/+>$%!

%)::$%.$5!.>'%!,77,/.)-'%*4!&%!'-! 3&0,/&.,/<!

$S7$/'*$-.%! ,2! +>,'+$! ,2! >,%.%4! {>$/$! .>'%!

*,%()'.,! 0'.$%! '-! 7/$2$/$-.'&33<! >)*&-! .,!

,.>$/!%$8$/&3!&8&'3&03$!&-'*&3%!,/!'-!,/!'-!2'$35!

*,%()'.,! +,33$+.',-! OA$3&..$! $.! &3?! ^\[\4!

d&*:&-:! $.! &3?! ^\[^4! k'8&-! $.! &3?! ^\[_4!

C$/$'/&! 5,%! k&-.,%4! D,'`4! 5$! B0/$)4! $.! &3?!

^\[bP?!l/,*!,)/!&-&3<%'%4!0'/5%!&77$&/$5!&%!

&! -,-Z7/$2$/$-.'&3! :/,)7!,2! >,%.%?!E&%$5!,-!

/$7,/.$5!7/,7,/.',-!,2!03,,5!*$&3%4!5,*$%.'+!

&-5! 7$/'5,*$%.'+! &-'*&3%! O^_xP! %>,)35! 0$!

+,-%'5$/$5!*,/$!/$3$8&-.!.>&-!{'353'2$!O[\xP!

&%! %,)/+$%! ,2! `,,-,.'+! 7&.>,:$-%! 2,/! !"/%

&'()*+,-.$?! e,{$8$/4! &! 3'*'.$5! -)*0$/! ,2!

%.)5'$%! {$/$! )-5$/.&t$-! '-! -&.)/&3! >&0'.&.%!

{>$/$!{'353'2$!'%!&0)-5&-.?!L>$/$2,/$4!.>$/$!'%!

&! +3$&/! -$$5! ,2! ! 2)/.>$/! %.)5'$%! '-! -&.)/&3!

&/$&%! .,! 5$%+/'0$! 03,,5! 2$$5'-:! 7&..$/-%! ,2!

!"/%&'()*+,-.$!&-5!'.%!'-.$/&+.',-!{'.>!{'353'2$4!

&-5! '2! 7,%%'03$4! 0<! .&t'-:! '-.,! &++,)-.! .>$!

&8&'3&0'3'.<! ,2! 8$/.$0/&.$! >,%.%! )%'-:! 2'$35!

+$-%)%!7/,+$5)/$!&-5!0<!+&3+)3&.'-:!'-5$S$%!

,2! 2$$5'-:! 7/$2$/$-+$%! Ok'38$/! ^\\bP! ?! k)+>!

&77/,&+>$%! {,)35! 7/$8$-.! .>$!

)-5$/$%.'*&.',-! ,2! .>$! 7,.$-.'&3! ,2! !"/%

&'()*+,-.$! .,! ./&-%*'.! 7&.>,:$-%! 2/,*!

5,*$%.'+a! %<38&.'+! 8$/.$0/&.$! >,%.%! .,!

>)*&-%4! 0).! &3%,! 2/,*! 5,*$%.'+! .,! %<38&.'+!

8$/.$0/&.$! >,%.%4! &-5! 8'+$! 8$/%&?! u$!

>':>3':>.$5!&!>):$!8&/'&-+$!'-!.>$!7/,7,/.',-!

,2! >)*&-! 03,,5!*$&3%4! &! /$3$8&-.! 2&+.,/! 2,/!

+&3+)3&.'-:! .>$! 8$+.,/! +&7&+'.<4! .>$! 5'%$&%$!

/$7/,5)+.',-!/&.$!OD,P!&-5!.>$!%7'33Z,8$/!/'%t4!

.>&.! *&<! 0$! 5$.$/*'-$5! 0<! -)*$/,)%!

7&/&*$.$/%! .>&.! &/$! %.'33! -,.! +,*73$.$3<!

)-5$/%.,,5Ok'38$/! ^\\bP?! B3.,:$.>$/4! {$!

7/$%$-.$5! >$/$4! 2,/! .>$! 2'/%.! .'*$4! ()&-.'2'$5!

/$%)3.%! &0,).! .>$! /$7,/.$5! 03,,5! *$&3!

0$>&8',/! ,2! !"/% &'()*+,-.$?! OB+/$%+$-.&/! ,!

./&0&3>,!5$!%'8&-P?!

E&%$5! ,-! 8$+.,/! +,*7$.$-+$! &-5!

03,,5! *$&3! %.)5'$%4! .>$! $%.'*&.',-! ,2! .>$!

/$3&.'8$! ./&-%2$/! /'%t! >':>3':>.$5! %$8$/&3!



! wv!

7,.$-.'&3! 8'/)%$%! 2,/!$*$/:$-+$! 3't$!T&%.$/-!

$()'-$! $-+$7>&3'.'%4! #&7&-$%$! $-+$7>&3'.'%4!

G$-$`)$3&-!$()'-$!$-+$7>&3'.'%4! @&!I/,%%$4!

D,%%!D'8$/4!C,.,%'44!u$%.!J'3$4!�$33,{!2$8$/4!4!

D'2.! G&33$<! 2$8$/! &-5!Y&<&/,! '-! 5$%+$-5'-:!

,/5$/! ,2! '*7,/.&-+$?! e,{$8$/4! '.! '%! {,/.>!

$*7>&%'`'-:! .>&.! .>$! /'%t! &-&3<%'%! '%!

'-23)$-+$5! 0<! .>$! &8&'3&0'3'.<! ,2! %.)5'$%! .>&.!

>&8$! 7$/2,/*$5! &-&3<`$%! ,2! 8'/)%!

./&-%*'%%',-?!l,/!$S&*73$!.>$!3,{!-)*0$/!,2!

%.)5'$%! {'.>! 5&.&! &8&'3&03$! 2,/! .>$!

./&-%*'%%',-! $22'+'$-+<! ,2! Y&<&/,! ,/! �$33,{!

2$8$/!'-23)$-+$%!.>$!/'%t!&-&3<%'%?!J,!5&.&!&/$!

&8&'3&03$! 2,/! '*7,/.&-.! &/0,8'/)%$%! %)+>! &%!

u&%.$/-! $()'-$! $-+$7>&3'.'%4! j/,7,)+>$! ,/!

j6-<,-:6-<,-:!8'/)%?!

!

B-!'*7,/.&-.!3'*'.&.',-!,2!.>$!7/$%$-.!

{,/t! /$3&.$5! .,! .>$! :/$&.! *$.>,5,3,:'+&3!

8&/'&.',-!&-5!.,!.>$!3&+t!,2!%.&-5&/5'`&.',-!,2!

7/,.,+,3%!)%$5!.,!&%%$%%!8$+.,/!+,*7$.$-+$!

,2! !"/% &'()*+,-.$?! G$+.,/! +,*7$.$-+$! .,! &!

%)+>!&/0,8'/)%!'%!'-23)$-+$5!0<!:$-$.'+!2&+.,/%!

,2! 0,.>! .>$! *,%()'.,! 7,7)3&.',-! &-5! 8'/)%!

%./&'-!&%!.>$!:$,:/&7>'+&3!:$-$.'+!,/':'-!,2!.>$!

8$+.,/!7,7)3&.',-!,/! .>$! '-.$/&+.',-!0$.{$$-!

8$+.,/!&-5!&/0,8'/)%!:$-,.<7$Ol&'33,)S!$.!&3?!

^\\^4! @&*0/$+>.%! $.! &3?! ^\\vP?! L>)%4! .>$!

'-./&%7$+'2'+! :$-$.'+! 8&/'&0'3'.<! '-! *,%()'.,!

%7$+'$%a7,7)3&.',-%4!&%!{$33!&%!.>$!'-./&!&-5!

'-.$/%7$+'2'+!8&/'&0'3'.<!,2!&/0,8'/)%!+&-!&22$+.!

8$+.,/! +,*7$.$-+$! &-5! /'%t! $%.'*&.',-%?!

TS.$/-&3! 2&+.,/%! %)+>! &%! .>$! '-+)0&.',-!

.$*7$/&.)/$! +&-! &22$+.! .>$! 8$+.,/!

+,*7$.$-+$! &-5! +,-%$()$-.3<! .>$!

./&-%*'%%',-!&-5!&-&3<%'%!,2!.>$!/'%tOc,)&+>$!

$.!&3?!^\[hP?!

j.>$/! 2&+.,/%! '-.$/2$/'-:! '-! 8$+.,/!

+,*7$.$-+$!/$%)3.%!&/$!.>$!{&<!,2! '-:$%.'-:!

.>$!8'/)%!'-2$+.$5!03,,5!O'-!8'8,!,/!'-!8'./,P4!.>$!

8'/&3! 3,&5! +,-+$-./&.',-! ,/! .>$! %$-%'0'3'.<! ,2!

*$.>,5!.,!5$.$+.!8'/)%!'-!.>$!*,%()'.,!0,5<4!

,/!%&3'8&?!L>$/$2,/$4!.>$!/$3&.'8$!D'%t!,2!G'/)%!

L/&-%2$/! *)%.! 0$! ./$&.$5! {'.>! +&).',-?!

E$+&)%$! '.! '%! 5'22'+)3.! .,! 5/&{! *,/$! /,0)%.!

+,-+3)%',-%! %'-+$! .>$!7/'*&/<! 5&.&! )%$5! 2,/!

.>$! +&3+)3&.',-! &/$! '-23)$-+$5! 2,/! *&-<!

2&+.,/%?!u$!&/$!&{&/$!.>&.!,)/!%.)5<!'%!3'*'.$5!

2,/! *$.>,5,3,:'+&3! 5'22$/$-+$%! &*,-:!

&-&3<`$5!&/.'+3$%4!&-5!&3%,!0$+&)%$! .>$! /'%t!

,2! &/0,8'/)%! $*$/:$-+$! '%! &! *)3.'2&+.,/'&3!

7/,+$%%! &-5! '.! '%! &+.)&33<! '*7,%%'03$! .,!

$%.'*&.$!.>$!'-.$/&+.',-!,2!&33!.>$!2&+.,/%!{'.>!

.>$! 3'*'.$5! $8'5$-+$%! &8&'3&03$! '-! .>$!

0'03',:/&7><?! L>)%4! *,/$! %.&-5&/5'`$5!

%.)5'$%! ,2! 8$+.,/! +,*7$.$-+$! &-5! 03,,5!

2$$5'-:! 7/$2$/$-+$%! &/$! -$+$%%&/<?! W-! .>'%!

%$-%$! .>$! 7/,R$+.! W-2/&8$+^!

O>..7%maa'-2/&8$+^?$)P! '%! &-! '*7,/.&-.!

'-.$/-&.',-&3! '-'.'&.'8$!.>&.!,-$!,2!.>$!.>$*$%!

,2!{>'+>!'%!.>$!%.&-5&/5'`&.',-!,2!*$.>,5%?!

A&.&! 2/,*! .>$! 3'.$/&.)/$! %>,{! .>&.!

!"/% &'()*+,-.$! >&%! &-! &0'3'.<! .,! [P! +,3,-'`$!

2,/$%.! $-8'/,-*$-.%! &-5! ^P! >&8$! 7,%%'03$!

'-.$/&+.',-%! {'.>! 5,*$%.'+! &-'*&3%! &-5!

{'353'2$4!%)::$%.'-:!&!7,.$-.'&3! 2,/! '-.$/&+.',-!

{'.>!&-'*&3!8'/)%$%?!k)+>!&!/'%t!'%!7&/.'+)3&/3<!

>':>! '-! &/$&%! +,-%'5$/$5! >,.%7,.%! ,2!

0',5'8$/%'.<4! &%! '%! .>$! +&%$! ,2! 2,/$%.%! ,2! .>$!

I,-:,!&-5!.>$!B*&`,-!E&%'-%?!L>$!7/$%$-+$!

,2!!"/%&'()*+,-.$!'-!%*&33!.,{-%!&-5!>&*3$.%!

.>$!B*&`,-!l,/$%.!>':>3':>.%!.>$!7,.$-.'&3!,2!

%7'33Z,8$/! ,2! %,*$! &/0,8'/)%$%! .>&.! +&)%$!

>)*&-!5'%$&%$4!&%!j/,7,)+>$4!�$33,{!2$8$/!

,/! Y&<&/,OC$/$'/&! 5,%! k&-.,%4! D,'`4! 5$!

B0/$)4! $.! &3?! ^\[bP?! W-! E/&`'3!!"/% &'()*+,-.$!

7,7)3&.',-%!&/$!$S7$/'*$-.&33<!+,*7$.$-.!2,/!

�lG! ./&-%*'%%',-! &-5! .>$! :$-,*$! ,2! .>'%!

8'/)%!{&%!2,)-5!'-!.>'%!*,%()'.,%OI,).,Z@'*&!

$.!&3?!^\[f4!C,%%&%4!@,)/$-i,!5$!j3'8$'/&4!$.!

&3?! ^\[bP?! W-! B2/'+&4! -)*$/,)%! &/0,8'/)%$%!

*':>.! 0$! '-8$%.':&.$5! .,! +3&/'2<! .>$! 7,.$-.'&3!

./&-%*'%%',-! &-5! $*$/:$-+$! 2&+'3'.&.$5! 0<!
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>$)/$%!&2'-!5F&):*$-.1!3$%!+>&-+$%!5$!+&7.)/$/!5$%!*,)%.'()$%!'-2$+.1%!

$-!18'.&-.!3&!51:/&5&.',-!5$%!7&/.'+)3$%!8'/&3$%!5)$!;!3F$22$.!5$!3&!+>&3$)/?!

J,)%!&8,-%!51+'51!5F).'3'%$/! 3$!7'=:$!Y,%()'./&7!()'!7,%%=5$!)-$!0,--$!

7$/2,/*&-+$! 7,)/! +,33$+.$/! 5$%! *,)%.'()$%! '-2$+.1%! 7&/! 3$! 8'/)%! 5$! 3&!

5$-:)$! OC$/$'/&! 5,%! k&-.,%! $.! &3?! ^\[fP?! I$7$-5&-.4! ;! 3&! 2'-! 5$! +$..$!

7/$*'=/$!+,33$+.$!5$!.$//&'-!O7/13'*'-&'/$P4!-,)%!&8,-%!+,-%.&.1!3$!*&-()$!

5F$22'+&+'.1! 5$%! 7'=:$%! Y,%()'./&7! $-! 2,/9.! 5)! 2&'.! 5$! 3&! *&)8&'%$!

7/1%$/8&.',-!5)!+,/7%!5$%!*,)%.'()$%!+&)%1$!7&/!3F$S+=%!5F>)*'5'.1!&'-%'!

()$! 3&! 5'32'+)3.1! 7,)/! /$.'/$/! 3$%! *,)%.'()$%! 5)! 7'=:$?! B'-%'! -,)%! &8,-%!

51+'51!5$!-$!73)%!3$%!).'3'%$/!3,/%!5$%!+&*7&:-$%!)3.1/'$)/$%!5$!+,33$+.$%!

5$!.$//&'-?!

@(!>N3L]! -,)%!&8,-%!).'3'%1!)-$!%./&.1:'$!5F1+>&-.'33,--&:$!%$3,-!

5$%!:/&5'$-.%!5$!71-1./&.',-!$-!2,/9.?!B!7&/.'/!5)!0,/5!5$!3&!2,/9.!-,)%!&8,-%!

./&+1!+'-(!3':-$%!7&/&33=3$%!$%7&+1$%!5$!^_*4!+>&+)-$!71-1./&-.! R)%()F;!

v\\!*!;!3F'-.1/'$)/!5$!3&!2,/9.!Ol':)/$!bP?!@&!:/'33$!5$!7'1:$&:$!&!7$/*'%!5$!

512'-'/! _\! 7,'-.%! 5$! +,33$+.$%! +,//$%7,-5&-.! &)S! '-.$/%$+.',-%! $-./$! 3$%!

3':-$%!$.!3$%!5'%.&-+$%?!

!

!



 

! v\!

!

!

!

!

!

O'P7%#! M! 4! V/'33$! /$7/1%$-.&-.! 3$%! 7,%'.',-%! 5$! +,33$+.$%! $-! 2,/9.! %$3,-! )-! :/&5'$-.! 5$!
71-1./&.',-?!@$%!7,'-.%!03&-+%!/$7/1%$-.$-.!3$%!7,%'.',-%!5$!+,33$+.$%?!

!

A$%! 7,-5,'/%! 7'=:$%! ,-.! 1.1! ).'3'%1%! &2'-! 5F$%.'*$/! 3&!

7/1%$-+$a&0%$-+$!$.!3&!71-1./&.',-!5F!"/!&'()*+,-.$%5&-%!3F$-8'/,--$*$-.!

2,/$%.'$/?!X-!7,-5,'/!7'=:$!Oj8'./&74!l':)/$!vP!&!1.1!5'%7,%1!%)/!+>&+)-$!

5$%!_\!7,%'.',-%!5$!3&!:/'33$!&2'-!5$!/$+)$'33'/!5$%!~)2%!7$-5&-.![\!R,)/%?!@$%!

7&3$..$%! ,-.! 1.1! /$-,)8$31$%! &7/=%! 3$! +'-()'=*$! R,)/! 5$! 36'-%.&33&.',-! $.!

$-3$81$%! 3$! 5'S'=*$! R,)/?! @$%! ~)2%! +,33$+.1%! ,-.! 1.1! *'%! $-! $&)! &2'-!

5F,0.$-'/! 5$%! &5)3.$%! %)/! 3$%()$3%! ,-.! 1.1! /1&3'%1$%! 3$%! '5$-.'2'+&.',-%!

.&S,-,*'()$%?!

!

!

!

!

!

!



! v[!

!

!

!

!

!

!

!
O'P7%#! =! 4! D$7/1%$-.&.',-! %+>1*&.'()$! 5F)-! 7'=:$! 7,-5,'/?! B5&7.1! 5$!
>..7maa{{{?+)$-+&/)/&3?+,*a>':'$-$�&*0'$-.&3ab^\vbZ5$-:)$Z3&Z'*7,/.&-+'&Z5$3Z'-5'+$Z
5$Z0/$.$&)Z'0Z$-Z3&Z7/$8$-+',-Z<Z+,-./,3a4!&++$51!3$![f?\g?^\[h?!
!

B7/=%!3$%![\!R,)/%!5)!%)'8'!&8$+!3$%!7,'-5,'/%4!-,)%!&8,-%!).'3'%1!5$%!

7'=:$%!;!&5)3.$%!OE:Zk$-.'-$34!l':)/$![\P!7$/*$..&-.!5F1.)5'$/!3&!5'%7$/%',-!

5F!"/% &'()*+,-.$%5&-%! 3&! 2,/9.4! 5$! +&7.)/$/! 5$%! 2$*$33$%! :,/:1$%! $.! 5$%!

%71+'*$-%!7,.$-.'$33$*$-.! '-2$+.1%!7&/!5$%!&/0,8'/)%?!B'-%'!7,)/!+>&()$!

`,-$!5$!+,33$+.$4![_!E:Zk$-.'-$3%!,-.!1.1!'-%.&331%!R)%()F;!_\\!*4!%&-%!73&-!

2'S$!5F1+>&-.'33,--&:$!&2'-!5F,7.'*'%$/!3&!+,33$+.$!5$!2$*$33$%!&5)3.$%!5F!"/%

&'()*+,-.$%7,)/!)-!,0R$+.'2!5$!+/'03&:$!8'/&3?!W3!$-!/1%)3.$!)-$!8&/'&.',-!5$!

3F$22,/.! 5F1+>&-.'33,--&:$! 7&/! E:Zk$-.'-$3! $-! 2,-+.',-! 5$%! 5'%.&-+$%?! @$%!

7'=:$%!EV!,-.!1.1!&+.'81%!7$-5&-.!f!R,)/%!5&-%!3&!*9*$!7,%'.',-?!I>&()$!

^h!>$)/$%4!3$%!-&%%$%!+,-.$-&-.!3$%!*,)%.'()$%!,-.!1.1!/$-,)8$31$%?!

B'-%'4! 7,)/! +>&()$! `,-$4! -,)%! &8,-%! *'%! $-! 73&+$! 3F$-()9.$!

$-.,*,3,:'()$!%)/!)-!%<%.=*$!5$!+<+3$%!5$!+,33$+.$%?!X-!+<+3$!$%.!512'-'!

+,**$!1()'8&3$-.!;![\!R,)/%!5$!%)'8'!5$%!7,-5,'/%!O&8$+!+>&-:$*$-.!5$!

7&3$..$!&)!+'-()'=*$!R,)/P!%)'8'%!5$!f!R,)/%!5$!+,33$+.$%!5F&5)3.$%!&8$+!3$%!

7'=:$%!EV?!A$)S!+<+3$%!,-.!1.1!$22$+.)1%!;!B5,37>,!A)+t$!$.!Y,//,!5,%!

Y&+&+,%!$.!)-!%$)3!;!C$5/&!E/&-+&?!



 

! v^!

@$%! *,)%.'()$%! +,33$+.1%! ,-.! 1.1! '5$-.'2'1%! *,/7>,3,:'()$*$-.4!

/$:/,)71%!$-!3,.!7)'%!+,-%$/81%!;!Zb\�I!$-!8)$!5$%!&-&3<%$%!*,31+)3&'/$%!

7$/*$..&-.!5F'5$-.'2'$/!3$%!/$7&%!5$!%&-:!O%)/!3$%!%71+'*$-%!:,/:1%P!$.!5$!

/1&3'%$/!)-!+/'03&:$!5$!8'/)%?!

!

!

!

!

!

!

!

!
O'P7%#! 3N! 4! C'=:$! E:Zk$-.'-$3?! @$%! 23=+>$%! R&)-$%! '-5'()$-.! 3&! `,-$! 5F&%7'/&.',-! 5$%!
*,)%.'()$%y!@$%!23=+>$%!/,):$%!'-5'()$-.!3&!`,-$!5F$S./&+.',-!5$!3F&'/!()'!7$/*$.!5$!3'01/$/!
36&../&+.'2! +>'*'()$! 73&+1! ;! 36'-.1/'$)/! 5)! 7'=:$! OEVZ@)/$P?! B5&7.1! 5$! >..7maa{{{?0:Z
%$-.'-$3?+,*a4!&++$51!3$![f?\g?^\[g?!
!

k)/! 3&! 0&%$! 5$%! /1%)3.&.%! 5$%! +,33$+.$%! $22$+.)1$%! 5$! ^\[w4! 3&!

*1.>,5,3,:'$!5F1+>&-.'33,--&:$!).'3'%1$! 3,/%! 5$%! +,33$+.$%!5$!^\[f!&!1.1!

&5&7.1$!&)S!,0R$+.'2%?!T-!$22$.4!3F,0R$+.'2!7/'-+'7&3!5$%!+,33$+.$%!5$!̂ \[f!1.&'.!

5F1.)5'$/!3&!7/1%$-+$a&0%$-+$!5F!"/%&'()*+,-.$%$-!0,/5)/$!5$!2,/9.%!&8$+!

,}!)-$!+'/+)3&.',-!5$%!8'/)%!5$!l'=8/$!#&)-$!$.a,)!5)!c't&!1.&'$-.!&81/1$?!

@&!5'221/$-+$!5$!*1.>,5,3,:'$!.'$-.!&)!2&'.!()$![P!%$)3%![^!7,-5,'/%!,-.!1.1!

'-%.&331%!O7,)/!)-!%)'8'!5$![\!R,)/%P!%)/!()&./$!5'%.&-+$%!.,)%!3$%![\\!*=./$%!

$-./$!\!$.!g\\*!Og!7,-5,'/%!7&/!5'%.&-+$P!$.!^P!%$)3%![^!7'=:$%!E:Zk$-.'-$3!

,-.!1.1!).'3'%1%!7$-5&-.!g!;!_!R,)/%!.,)R,)/%!$-./$!\!;!g\\!*!OL&03$&)!gP?!

!

!



! vg!

J<L!4!5(;#&)'6(*!(,)7%#..#*!B,%!/#*!,%-6Q'%7*!#(f66)'^7#*<!

C,)/!+$.!,0R$+.'24!3$%!*,)%.'()$%!+,33$+.1%!,-.!1.1!5'%%1()1%!&2'-!5$!

%17&/$/!3&!.9.$!5$!3F&05,*$-?!@$%!&05,*$-%!,-.!1.1!/$:/,)71%!$-!3,.%!5$!

^!;!g\!'-5'8'5)%!$.!0/,<1%!5&-%!^\\!�3!5$!*'3'$)!AYTY!%)7731*$-.1!&8$+!

[\x! 5$! %1/)*! 2~.&3! 5$! 0,8'-?! @$%! 2$*$33$%! :,/:1$%! 5$! %&-:! ,-.! 1.1!

&-&3<%1$%! '-5'8'5)$33$*$-.?! @$%! 0/,<&.%! ,-! 2&'.! 3F,0R$.! 5F)-$! $S./&+.',-!

5FBDJ%!;!3F&'5$!5)!7/,.,+,3$!J)+3$,k7'-!DJB!'%,3&.',-!OY&/+>$/$<ZJ&:$34!

+2!51.&'3%!$-!B--$S$![P?!@$%!BDJ%!$S./&'.%!,-.!1.1!/1./,Z./&-%+/'.%!$-!+AJB%!

()'!,-.!1.1!&*73'2'1%!7&/!5$%!(CID!%71+'2'()$%!5$!5'221/$-.%!&/0,8'/)%!O+2!

51.&'3%! 5$! +>&()$! 1.&7$! $-! B--$S$! ^P?! I$! +/'03&:$! &! 1.1! /1&3'%1! $-!

+,33&0,/&.',-! &8$+! 3$! V/,)7$! "E&+.1/'$%! 7&.>,:=-$%! 8$+.,/'%1$%! $.!

%71+'2'+'.1!56>r.$%"!OGTILjLW�P!5$!3FXYD!EWCBD!BJkTkZWJDBZTJGB4!3$!

3&0,/&.,'/$! B/0,8'/)%! $.! W-%$+.$%! 8$+.$)/%! 5$! 3FW-%.'.).! C&%.$)/! ()'! $%.! ;!

3F,/':'-$!5)!518$3,77$*$-.!5$!3F,).'3!5$!+/'03&:$!>&).Z510'.!()$!-,)%!&8,-%!

).'3'%1?! I$.! ,).'3! 7$/*$.! 3&! 51.$+.',-! 5$! gh! $%7=+$%! O+2! .&03$&)! [^P!

5F&/0,8'/)%! Ovh! :$-,.<7$%a%$/,.<7$%P! ;! 3F&'5$! 5$! 3&! .$+>-,3,:'$! E',*&/t!

A<-&*'+!B//&<%!5$! 3&!%,+'1.1!l3)'5':*!OL&03$&)!h!$.!l':)/$![[P?!C,)/! 3$!

+,-./r3$!7,%'.'24!3$!:=-$!5$!3&!E1.&Z&+.'-$!5$%!&/.>/,7,5$%!$%.!&*73'2'14!&'-%'!

()F)-!+,-./r3$!M$,=">+,=+&%,)'+?!C,)/!3$!+,-./r3$!-1:&.'2!-,)%!&8,-%!).'3'%1!

5$!3F$&)?!

!

!

!

!

!

!



 

! vh!

!

!

!

!

!

!

O'P7%#!33 4 BP C)+$!vw�vw!&33&-.!5&-%! 3F&).,*&.$!E',*&/t!l3)'5':*?!EP k+>1*&!5F)-$!
7)+$!vw�vw?!A)!+r.1!R&)-$!%,-.!517,%1%!3$%!/1&+.'2%!O�!&*,/+$%!$.!%,-5$%P!$.!5)!+r.1!/,%$!
%,-.!517,%1%!3$%!1+>&-.'33,-%?!@$%!/1&+.',-%!5$!(CID!,-.!3'$)!5&-%!3$%!v!^[w!+>&*0/$%!
/1&+.',--$33$%!*'+/,23)'5'()$%!&)!+$-./$!5$!3&!73&()$!O/1&+.',-%!'-5'8'5)$33$%P?!

 
+,-.#,7!J!4!l&*'33$%4!:$-/$%!5$%!gh!$%7=+$%!8'/&3$%!+/'031$%?!
!

O,$'..#*! 8#(%#! R-!/_#*B1&#*!&'-.?#*!
R-! /#! P?(6)FB#*!

&'-.?*!

E)-<&8'/'5&$! D.62&C+>.$% [b! gh!

l3&8'8'/'5&$!! B'&C+C+>.$%% f! ^h!

L,:,8'/'5&$!! !'*=&C+>.$%% b! g_!

D>&05,8'/'5&$!! N"$+,.')C+>.$%% [! [!

!
!
J<C!4!U6$B6%)#$#()!)%6BZ'^7#!/_!"/%&'()*+,-.$<!

C,)/! 3F&-&3<%$! 5$%! /$7&%! 5$! %&-:4! 3$%! 0/,<&.%! 5F6&05,*$-! 5$%!

2$*$33$%!+,33$+.1$%!:,/:1$%!5$!%&-:!,-!2&'.!3F,0R$.!5F)-$!$S./&+.',-!5FBAJ!

;! 3F&'5$! 5)! t'.!AJ$&%<!E3,,5!�!L'%%)$! O�'&:$-4! W-+?4! G&3$-+'&4!XkB4! +2?!

51.&'3%!$-!&--$S$!gP?!T-!7/$*'=/$!'-.$-.',-!3$%!BAJ%!$S./&'.%!,-.!1.1!).'3'%1%!

+,**$! *&./'+$! 7,)/! 3F&*73'2'+&.',-! 5F)-$! 7,/.',-! 5)! :=-$! BDJ/! [wk!

OE,$%%$-t,,3!$.!&3?!^\[^P?!@$%!&*73'+,-%!,0.$-)%!,-.!1.1!%1()$-+1%!%)/!3&!

73&.$2,/*$! 5$! VTJTuWc! Ol/&-+$! @.5P4! 7)'%! %,)*'%! ;! )-$! &-&3<%$! 5$!

+,*7&/&'%,-!5$!%1()$-+$%!;! 3F&'5$!5$! 3F,).'3!E@BkL-!&2'-!5$!51.$/*'-$/!

)-$!+,//$%7,-5&-+$!$-./$!3FBAJ!5$!3F>r.$!+,-.$-)!5&-%!3$!/$7&%!5$!%&-:!



! v_!

$.! 5$%!>r.$%! 8$/.10/1%! /12$/$-+1%!5&-%! 3$%!0&%$%!5$!5,--1$%?!C,)/! 3$%!

1+>&-.'33,-%!7,)/!3$%()$3%!3F'5$-.'2'+&.',-!-F&!7&%!1.1!7,%%'03$!$-!7/$*'=/$!

'-.$-.',-! &8$+! 3$!*&/()$)/!DJB/! [wk! O512&).! 5F&*73'2'+&.',-! 5$! 3&! +'03$4!

%1()$-+$%!'-).'3'%&03$%P4!-,)%!&8,-%!+>$/+>1!;!&*73'2'$/!)-$!%$+,-5$!+'03$!

BAJ!5$!3F>r.$?!B'-%'!-,)%!&8,-%!%13$+.',--1!$.!).'3'%1!)-$!7,/.',-!5)!:=-$!

+,5&-.!7,)/!3&!I<.,+>/,*$!jS'5&%$!E!$-!).'3'%&-.!3$!7/,.,+,3$!&5&7.1!5$!

E,&t<$!$.!&3![vvv?!

B2'-!5$!81/'2'$/!3F&*73'2'+&.',-!5$%!:=-$%!+'03$%4![\!�3!5F&*73'+,-%!&!

1.1! +>&/:1! %)/! )-! :$3! 56&:&/,%$! O^xP! +,-.$-&-.! ^! �3! 5$! ETL?! A$%!

*,)%.'()$%!:,/:1%!5$!%&-:!5$!3&7'-!,-.!1.1!).'3'%1%!+,**$!+,-./r3$!7,%'.'2!

O3F&--$S$!h!5,--$!3$!51.&'3!5$%!7/,.,+,3$%!).'3'%1%!7,)/!3F&*73'2'+&.',-!5$%!

5$)S! +'03$%P?! @$%! 1+>&-.'33,-%! +,//$+.$*$-.! &*73'2'1%! ,-.! 1.1! $-8,<1%! ;!

VTJTuWc!7,)/!)-!%1()$-i&:$!5&-%!3$%!5$)S!%$-%!O2,/{&/5!&-5!/$8$/%$P!

&7/=%!7)/'2'+&.',-?!@$%!%1()$-+$%!+,-%$-%)%!,-.!1.1!+,*7&/1$%!&8$+!3$%!

%1()$-+$%!$S'%.&-.$%!$-!).'3'%&-.!3&!/$+>$/+>$!5$!E3&%.!-)+31,.'5$!5$!JIEW!

O>..7%maa03&%.?-+0'?-3*?-'>?:,8P! 7,)/! 51.$/*'-$/! 36$%7=+$! >r.$! %)/! 3&! 0&%$!

5$%!*$'33$)/%! %+,/$%4! .,.&3! %+,/$4! ()$/<! +,8$/4! TZ8&3)$! $.! '5$-.'.<! 8&3)$!

5'%7,-'03$%?!

!

J<M!4!D(,.F*#*!*),)'*)'^7#*<!

 

J<M<3!4!U6.6('*,)'6(!#)!/'*B#%*'6(!/_!"#"$%&'()*+,-.$/!

A)! 2&'.! 5$! 5'221/$-+$%! *1.>,5,3,:'()$%4! +,**$! 3$%! 5)/1$%! $.! 3$!

-,*0/$%!5$!7'=:$%!'-%.&331%!5&-%!+>&()$!`,-$4!3F&-&3<%$!5$!3&!+,3,-'%&.',-!

$.!5$!3&!5'%7$/%',-!5F!"/%&'()*+,-.$%5&-%!3$%!2,/9.%!&)!E/1%'3!&!1.1!/$%./$'-.$!



 

! vw!

&)S!+,33$+.$%!/1&3'%1$%!$-!^\[w!5&-%!./,'%!2,/9.%4!;!%&8,'/!m!B5,37>,!A)+t$4!

C$5/&!E/&-+&!$.!Y,//,!5,%!Y&+&+,%?!

J,)%!&8,-%!&-&3<%1!m![P!@&!/$3&.',-!$-./$!3&!7/1%$-+$!O&0,-5&-+$!

.,.&3$!7&/!7'=:$!%)/!3$%![\!R,)/%P!5$%!,$)2%!$.!3&!5'%.&-+$!$-./$!3$!7,'-.!5$!

+,33$+.$! $.! 3&! 0,/5)/$! 5$! 3&! 2,/9.! O+,3,-'%&.',-P! $.! ^P! 3&! /$3&.',-! $-./$! 3&!

7/1%$-+$!5$!2$*$33$%!O&0,-5&-+$!7&/!7'=:$!7&/!R,)/P!5F!"/%&'()*+,-.$!$.!3&!

5'%.&-+$! $-./$! 3$! 7,'-.! 5$! +,33$+.$! $.! 3&! 0,/5)/$! 5$! 3&! 2,/9.! O5'%7$/%',-P?!

B7/=%! )-$! 7>&%$! 56$S73,/&.',-! 5$! 5,--1$%! ()'! +,-%'%.$! ;! ,0%$/8$/! 3$%!

.$-5&-+$%4! -,)%! &8,-%! ).'3'%1! )-! *,5=3$! 3'-1&'/$! :1-1/&3'%1! &8$+! )-$!

5'%./'0).',-!0'-,*'&3$!-1:&.'8$!Oc))/!$.!&3?!^\\fP?!X-$!8&/'&03$!o!,22%$.!q!&!

1.1! '-+3)%$4! +,//$%7,-5&-.! &)! -,*0/$! 5$! 7'=:$%! ).'3'%1%! 7,)/! +>&()$!

5'%.&-+$4! &2'-! 5$! 7,-51/$/! 3$%! &-&3<%$%! 7,)/! 7/$-5/$! $-! +,*7.$! 36$22,/.!

561+>&-.'33,--&:$!5$!*,)%.'()$%!&5)3.$%?!@$%!&-&3<%$%!%.&.'%.'()$%!7,)/!3&!

+,*7/1>$-%',-! 5$! 3&! 71-1./&.',-! 5F!"/% &'()*+,-.$% 5&-%! 3F$-8'/,--$*$-.!
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Potential of Aedes albopictus as a bridge
vector for enzootic pathogens at the
urban-forest interface in Brazil
Taissa Pereira dos Santos1, David Roiz1, Filipe Vieira Santos de Abreu2, Sergio Luiz Bessa Luz3, Marcelo Santalucia4,

Davy Jiolle1, Maycon Sebastiao Alberto Santos Neves2, Frédéric Simard1, Ricardo Lourenço-de-Oliveira2 and

Christophe Paupy 1

Abstract

The invasive species Aedes albopictus is present in 60% of Brazilian municipalities, including at the interfaces between

urban settings and forests that are zoonotic arbovirus hotspots. We investigated Ae. albopictus colonization, adult

dispersal and host feeding patterns in the anthropic-natural interface of three forested sites covering three biomes in

Brazil in 2016. To evaluate whether an ecological overlap exists between Ae. albopictus and sylvatic yellow fever virus

(YFV) in forests, we performed similar investigations in seven additional urban-forest interfaces where YFV circulated in

2017. We found Ae. albopictus in all forested sites. We detected eggs and adults up to 300 and 500 m into the forest,

respectively, demonstrating that Ae. albopictus forest colonization and dispersal decrease with distance from the forest

edge. Analysis of the host identity in blood-engorged females indicated that they fed mainly on humans and domestic

mammals, suggesting rare contact with wildlife at the forest edge. Our results show that Ae. albopictus frequency

declines as it penetrates into the forest and highlight its potential role as a bridge vector of zoonotic diseases at the

edge of the Brazilian forests studied.

Introduction

The risk of the emergence of zoonotic infectious dis-

eases is particularly high in regions under the influence of

tropical forests because these important biodiversity

hotspots are undergoing anthropogenic land use chan-

ges1. Landscape anthropization, especially urbanization,

shifts the risk of mosquito-borne pathogen emergence by

affecting the mosquito and host communities both

quantitatively and qualitatively2,3. Landscape disturbances

at the urban-forest interface may facilitate the dispersion

of anthropophilic mosquito species into previously unfa-

vorable habitats4, thus modifying vector-host interactions

and potentially leading to more contact with sylvatic (i.e.,

enzootic) reservoirs of zoonotic pathogens. In this sce-

nario, opportunistic mosquito species can act as bridge

vectors between sylvatic and urban pathogen transmission

cycles.

During the last 35 years, Aedes (Stegomyia) albopictus

(Skuse) (Diptera: Culicidae) has expanded geographically

from Southeast Asia to other continents, withimportant

human health consequences and risks related particularly

to arbovirus transmission5–9. This invasive mosquito

species, which was considered sylvatic in its native area,

has adapted to human settings (domestication) by

exploiting man-made water containers as larval habitats

and humans and/or domestic animals as its main blood

source10. Domestication is one of the key features (toge-

ther with other biological traits, such as desiccation-

resistant eggs and overwintering ability) that facilitated

the successful expansion of Ae. albopictus throughout
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anthropogenic environments worldwide7. Nevertheless, it

remains unclear to what extent invasive (and “domes-

ticated”) Ae. albopictus populations have preserved their

capacity to colonize forest environments. Indeed, Ae.

albopictus was previously detected at the forest border of

rural or urban habitats in colonized areas5,11,12, and its

opportunistic blood feeding behavior has been extensively

described (i.e., a wide range of vertebrate hosts with a

marked preference for mammals, especially humans,

compared to birds)13–15. In opportunistic species, the

degree of blood feeding on domestic or wild vertebrates

relative to humans is strongly dependent on the local host

availability16. Importantly, Ae. albopictus can support the

transmission of epidemic arboviruses (e.g., chikungunya,

dengue, and Zika viruses) and possibly many other

enzootic and zoonotic arboviruses5,17–19. In addition,

experimental vector competence studies and viral genome

detection or isolation in nature indicated that Ae. albo-

pictus can transmit several enzootic arboviruses (e.g., La

Crosse Virus, West Nile Virus, Eastern equine encepha-

lomyelitis, Cache Valley Virus, Keystone Virus, Potosi

Virus, Tensaw Virus, Chandipura, Jamestown Canyon,

Orungo, Rift Valley, Ross River, Oropuche virus, Mayaro

virus, and yellow fever virus (YFV)20–35). Its vector com-

petence for several pathogens, its opportunistic feeding

behavior, and its capacity to colonize urban, rural and

natural habitats suggest that Ae. albopictus could be a

bridge vector to allow pathogen transfers from animal to

human compartments and vice versa13,36.

Since its first detection in Brazil in the 1980s, Ae.

albopictus has geographically expanded to approxi-

mately 60% of Brazilian municipalities37, across urban,

peri-urban and rural environments38–40, and in some

cases at the border of the Atlantic and Amazon for-

ests12,41–43. The Brazilian Amazon forest harbors 187

different arboviruses, among which, 34 are of medical

interest44,45. Of particular interest is sylvatic YFV, which

causes cyclic epidemic waves with high lethality in

Brazil. Following its spatial expansion to the Southeast

region in late 2016, the YFV territory now largely

overlaps with areas of high Aedes (Stegomyia) aegypti

(Linnaeus) and Ae. albopictus infestation, and this

increases the risk of a reemergence of urban transmis-

sion throughout South America37,46–48. However, few

studies have focused on Ae. albopictus colonization and

dispersion in Brazil. Some studies inside forests were

carried out as part of the entomological surveillance

during yellow fever epizootics, or as part of ecological

projects on native mosquitoes42,49. However, systematic

investigations are needed to measure Ae. albopictus

dispersal penetration into neotropical forests to under-

stand its potential as a bridge vector in relation to the

emergence risk of zoonotic arboviruses in bordering

Brazilian cities and elsewhere. A higher risk occurs

when mammalian diversity is elevated, as it is the case

for the Atlantic and Cerrado forests, which are con-

sidered hotspots for biodiversity conservation50.

Here we studied the capacity of Ae. albopictus to

colonize and disperse into forested environments from

the edge (i.e., modified environment) to deeper locations

(i.e., more preserved environment) in three Brazilian

biomes, the Amazon, Cerrado and Atlantic forests. We

also analyzed mosquito blood meals to determine Ae.

albopictus host feeding patterns and potential interactions

with wild vertebrates.

Results

Ae. albopictus forest colonization

During the 2016 survey, the maximal distance of Ae.

albopictus egg detection was 300m from the forest edge,

even when sampling was carried out up to 1000 m inside

the forest. Specifically, in Adolpho Ducke-Amazonas, the

total egg number per distance (five ovitraps per distance)

rapidly decreased from 0 to 200m from the edge (0 m:

1423, 100m: 118, 200 m: 20 eggs) (Fig. 1). Similarly, at

Morro dos Macacos-Goias and Pedra Branca-Rio de

Janeiro, eggs were found up to 300 m (0 m: 65, 100m: 25,

200m: 21, 300 m: 13 at Morro dos Macacos, and 0 m: 638,

100m: 2, 200m: 1, 300 m: 7 at Pedra Branca). Overall, the

number of eggs decreased significantly (p < 0.00001) with

distance from the forest edge in all sampled areas

(explained deviance of more than 70%)

(Tables S2 and S4).

In the areas surveyed in 2017, mosquito eggs were

detected up to the maximal sampling distance (300 m

from the forest edge) at four sites: Belo Horizonte-Minas

Gerais (0 m: 9, 100 m: 99), Simonésia-Minas Gerais (0 m:

5, 100m: 55, 200m: 23, 300m: 109), Domingos Martins-

Espirito Santo (0 m: 26, 100m: 42, 200m: 2, 300m: 17),

and Salvador-Bahia (0 m: 236, 100m: 117, 200 m: 4, 300

m: 64). Although technical problems prevented egg

counting in Casimiro de Abreu-Rio de Janeiro and

Maricá-Rio de Janeiro, positive ovitraps were detected at

all distances (Table S2). Eggs from Serra- Espirito Santo

were destroyed during transport.

In Adolpho Ducke and Salvador, all hatched eggs

belonged to Ae. albopictus. In Pedra Branca, 1.6% of all

hatched eggs collected at 0 m corresponded to Ae. aegypti,

and in Belo Horizonte, 10% of the eggs collected at 100

meters were from Haemagogus leucocelaenus. All hatched

eggs collected in Maricá, Casimiro de Abreu and those

collected at 200m in Simonésia and at 300m in Dom-

ingos Martins belonged to sylvatic mosquito species

(Table S2).

Ae. albopictus forest dispersal

In Adolpho Ducke, BG-Sentinel traps collected 1,232

Ae. albopictus adults (768 females and 464 males) with a
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mean number of specimens per trap and per day (MN/T/

D) of 7 (SD= 8.35). At Morro dos Macacos and Pedra

Branca, 63 (59 females and 4 males) and 139 (129 females

and 10 males) adult Ae. albopictus specimens were col-

lected, respectively (MN/T/D: 1.43 ± 0.81 and 2.07 ± 1.68,

respectively). At these three sites, Ae. albopictus adults

were sampled from the edge to 500 meters into the forest.

At Morro dos Macacos, 49% of all Ae. albopictus

specimens were trapped at 0 meter, with two females

trapped at 500m. At Adolpho Ducke, 89% of females were

collected at 0 meter, with two females collected at 400m.

At Pedra Branca, 48% of females were sampled at 200m,

with seven specimens collected at 400 m.

Along of the Adolpho Ducke transect, the abundance of

Ae. albopictus females was significantly (p < 0.00001)

associated with distance, decreasing from 0 meters up to

Fig. 1 Charts in ggplot with LOESS smoothing showing the total number of eggs (left panels) and Ae. albopictus females (right panels) on the y-axis

as a function of the distance (in meters) from the forest edge (x-axis) at the (a) Adolpho Ducke, (b) Pedra Branca, and (c) Morro dos Macacos sampling

sites. The shaded area represents the 95% confidence interval of the mean value (solid line). Statistical details are provided in Table S4
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400m, with an explained deviance of 30%. Conversely, in

Pedra Branca, Ae. albopictus abundance increased up to

200m, and then decreased up to 400m. Nevertheless, the

distance explained the presence of adults in the forest

(p < 0.00001; explained deviance of 55.20%). In Morro dos

Macacos, the number of Ae. albopictus significantly (p <

0.00001) decreased with distance and the distance

explained the presence of adults in the forest (explained

deviance of 48.32%) (Fig. 1 and online Tables S3 and S4

for statistical details).

In 2017, adult Ae. albopictus specimens were trapped as

far as 300 m (limit of trap deployment) at all sites, with the

exception of Casimiro de Abreu and Maricá in the

Atlantic forest. The total number of adults caught across

the 300 m transects varied from two females in Casimiro

de Abreu to 43 females in Salvador. Similarly, only

females were trapped in Belo Horizonte (n= 12), Dom-

ingos Martins (n= 5), Maricá (n= 7) and Serra (n= 3).

At Simonésia, 28 specimens were collected (20 females

and 8 males) (Table S3).

Ae. albopictus blood meal analysis

Among all the trapped Ae. albopictus females, 66 were

engorged with blood (n= 61 in Adolpho Ducke, n= 1 in

Morro dos Macacos, and n= 4 in Pedra Branca). Most of

them (91%) were collected at the forest edge (online

Table S5) and very few were collected from deeper in the

forest (five at 100m in Adolpho Ducke; one at 200 m in

Pedra Branca). Molecular analyses indicated that most

blood meals (98%) were taken from mammals, mainly

humans (71%), dogs (21%), brown rats (Rattus norvegicus,

3%) and greater round-eared bats (Tonatia bidens, 3%)

(Fig. 2, online Table S5). Only one mosquito was found to

have fed on a bird (great antshrike, Taraba major, 1.5%).

No engorged Ae. albopictus were captured in the seven

additional sampling sites.

Discussion

Here, we studied the establishment of Ae. albopictus at

the edge of and inside Brazilian forests as well as its

feeding habits to understand the potential risk of this

invading mosquito transferring zoonotic arboviruses to

humans. Its abundance, opportunistic trophic behavior

and vector competence for several viruses contributes to

its potential role in the spill-over of zoonotic pathogens

from sylvatic hosts to humans, or to domestic animals and

then potentially to humans13,15.

We observed that forest colonization by Ae. albopictus

rapidly decreased with distance from the edge (200–300

m inside the forest). Together with previous findings,

these result confirm that Ae. albopictus population den-

sity declines as they penetrate into the forest10,51.

Although Ae. albopictus was captured at all surveyed

forests both before and during the YFV outbreak, its

dispersal seems to be somewhat limited because adults

were not sampled beyond 500m from the forest edge. The

number of trapped adults usually decreased with the

distance from the edge of the forest, with the exception of

Pedra Branca, where the abundance of Ae. albopictus

females increased up to 200m and then sharply decreased

up to 400m, probably due to the presence of human

visitors between 0–200m at this reserve (personal

observation). The presence of humans in these areas

could represent a blood source for feeding, as well as a

source of breeding/oviposition sites (i.e., plastic contain-

ers left behind). Aedes albopictus colonization and dis-

persal occurs deeper into Brazilian secondary forests, as

described previously in a one-year study at Represa do

Cigano in Rio de Janeiro where the eggs of wild and

rubidium chloride-marked females were detected up to

1000 m inside the anthropized area of the Tijuca

Forest12,41.

The blood meal identifications showed a clear pattern of

mammalian host preference (especially humans), as

reported in several previous field studies13–15,52. In addi-

tion to humans, blood meals were found to be from

domestic or commensal hosts (dogs and brown rats) and,

less frequently, from wild hosts (two bats and one bird),

confirming the opportunistic feeding behavior of Ae.

albopictus5,13,14. The greater round-eared bat is an

omnivorous species that is usually found in hollow trees at

low heights and hunts in clearings (modified environ-

ments and forest edges). The great antshrike is a bird that

lives in clearings and low density vegetation at the

forest edge53,54. These results highlight that Ae.

Fig. 2 Horizontal bar chart in ggplot showing the number of

vertebrate species found in the blood meals of Ae. albopictus

specimens. The bar graph value was calculated using data from 66

Ae. albopictus specimens analyzed without distinction of area or

collection distance from the forest edge
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albopictus feeds mostly on humans and domestic animals

but also on wildlife at the edge of the forest and suggests

host-seeking by flying at low heights. Additional

studies should investigate the potential host feeding pat-

terns of Ae. albopictus on wildlife living inside forest

patches.

Our study and previous data12,41 suggest that, in Brazil,

Ae. albopictus can occupy the few hundred meters beyond

the forest edge, but then its density progressively

decreases with distance from the edge. This could be

explained by a reduction in the availability of its key

resources, which are common at the forest edge, such as

suitable breeding sites and host abundance. Therefore, the

degree of forest fragmentation and anthropization could

be a relevant factor that modulates Ae. albopictus colo-

nization and dispersal. Alternatively, Ae. albopictus

populations could be maladapted to sylvatic environments

(i.e., the species has lost its ancestral biological trait). The

presence of competitors, predators or parasites in the

natural larval habitats in neotropical forests could also

explain this observation.

Although the forest edge could be considered an

‘emergence area’ where zoonotic diseases can spill-over

from zoonotic reservoirs to humans via Ae. albopictus, the

present results suggest that the risk of transfer from

wildlife is less likely than from domestic commensal hosts.

This must be confirmed by additional studies, particularly

on the interactions between Ae. albopictus and monkeys

that are YFV reservoirs. Natural YFV infections in the Ae.

albopictus specimens captured in the Cerrado biome of

Brazil during the 2016–2018 YFV outbreak were recently

confirmed48, suggesting that such interactions occurred.

Moreover, it was previously shown that some Brazilian

Ae. albopictus populations, including those living at the

sites surveyed here (Manaus, Goiania and Rio de Janeiro),

are competent to support the transmission of several YFV

strains26,55. Furthermore, in vivo experiments have

demonstrated that YFV can rapidly adapt to this vector

species56. In this study, Ae. albopictus females were

trapped up to 300 m in five of the seven surveyed forests

where active enzootic YFV transmission was reported in

2017, as well as at the forest edge of all the surveyed

forests. Our data suggests an ecological overlap between

Ae. albopictus and YFV reservoirs. It is crucial that future

studies better evaluate the propensity of this mosquito to

bite monkeys that live in the canopy, thus helping the

transfer of sylvatic YFV to humans and the emergence of a

rural/intermediate cycle in Brazil, or the reemergence of

the urban cycle.

Taken together, these results highlight the potential role

of Ae. albopictus as a bridge vector for zoonotic diseases

in the human-animal interface at the edge of Brazilian

forests. Its potential participation in the spill-over of

dozens of zoonotic arboviruses harbored in Brazilian

forests from sylvatic or ubiquitous hosts directly to

humans, from wildlife to commensal and domestic hosts,

and between humans in the ecotone and natural and

modified environments, as well as rural areas, deserves to

be investigated. For instance, capuchins, marmosets,

opossums and other commensal and ubiquitous mam-

mals that live and find shelter in low vegetation and/or on

the ground at the forest edge are amplifiers of arboviruses

with great epidemic potential (e.g., YFV, Mayaro virus),

and their territory overlaps with that of Ae. albopictus in

Brazil. Understanding the mechanisms of disease emer-

gence will allow for the development of early detection

Fig. 3 Ae. albopictus sampling sites at ten urban-forest interfaces in Brazil. a Localization of the ten sites in Brazil; b Satellite images showing

each sampling site as a red dot. Satellite images were downloaded from https://earthexplorer.usgs.gov and the maps were drawn using Qgis 2.18.14
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and control programs to reduce disease incidences and

economic burdens.

Materials and methods

Study areas

Surveys were undertaken before (from January to May

2016) and during the 2017–2018 severe YFV outbreak

(from February to June 2017). In 2016, mosquitoes were

sampled in three urban-forest interfaces located in the

cities of Manaus (Adolpho Ducke site, 3°00′12.78″S; 59°

55’37.86”W, January 7 to March 3), Goiania (Morro dos

Macacos site, 6°40′16.32″S; 49°22′49.93″W, April 17 to

May 27), and Rio de Janeiro (Pedra Branca site, 22°56′

6.57″S; 43°26′42.19″W, from March 4 to April 16) (Fig. 3

and online Table S1). In 2017, we extended our survey

by including seven supplementary urban-forest inter-

faces located in four Brazilian states where YFV was

circulating. In addition to increasing the number of

study sites to have a broader and more generalizable

view of the Ae. albopictus colonization in Brazilian

forests, the aim was also to assess the potential ecolo-

gical overlap between Ae. albopictus and sylvatic YFV.

The additional sites were Belo Horizonte (19°51′59.29″;

44°0′43.51, from February 10 to 13), Simonésia (19°55′

12.06″; 41°54′20.23″”, from February 16 to 18) in the

Cerrado biome, Domingos Martins (20°17′12.48″; 40°50′

14.35″, from February 21 to 23), Serra (20°6′46.89″; 40°

11′12.53″, from March 14 to 17), Casimiro de Abreu

(22°26′33.31″; 42°12'30.34″, from March 28 to 31),

Maricá (22°55′24.44″; 42°42′27.88″, from May 4 to 8)

and Salvador (12°49′50.34″; 38°27′18.77″, from June 6 to

8) in the Atlantic forest (Fig. 3).

Study design

The field entomological survey was undertaken

according to an anthropization gradient from the edge to

the interior of the forest. At the three long-term surveyed

sites (Adolpho Ducke, Morro dos Macacos, and Pedra

Branca), the mosquito sampling design was based on a

grid of five parallel lines spaced 25 m apart and inter-

sected perpendicularly by a grid of ten parallel lines

spaced 100 m apart, extending from the edge (0 meters) to

900m inside the forest (online Figure S1). Field work was

organized into two sampling phases with two different

methods to differentiate between Ae. albopictus coloni-

zation (first sampling phase) and dispersion (second

sampling phase). The term “colonization” refers to the

capacity to exploit forest environments for suitable ovi-

position sites. The term “dispersion” was used to measure

the abundance of host-seeking female mosquitoes in the

forest. The first sampling phase (10 consecutive days) was

conducted by deploying 50 ovitraps (one at each inter-

section between parallel and perpendicular lines) made up

of a dark plastic cup with 300 ml of hay infusion and one

wooden paddle for mosquito egg collection57. Every

5 days, paddles were replaced and the recovered paddles

were transported to the laboratory for egg counting on

day 10. In the laboratory, paddles were immersed in water

for egg hatching, larval breeding and identification of

emerging adults using appropriate morphological taxo-

nomic keys58. The second sampling phase (7 consecutive

days) was carried out using 15 BG-Sentinel traps (Bio-

gents) baited with a combination of BG-lure and dry ice as

source of CO2 to capture host-seeking adult mosquitoes

at different distances up to 500 meters inside the forest.

The number of BG-Sentinel traps per distance varied due

to operational limitations. Traps operated beginning at

8:00am on day 1 until 5:00pm on day 7 and were mon-

itored every 24 h by replacing the collection bags con-

taining mosquitoes and dry ice. We defined a “sampling

cycle” as the 10 days of ovitrap monitoring followed by the

7 days of BG-Sentinel trap monitoring. Two sampling

cycles were carried out in Adolpho Ducke and Morro dos

Macacos and one was completed in Pedra Branca. The

sampling method and approach used in the seven forest

interfaces surveyed during the 2017 YFV outbreak were

essentially the same, except that 12 BG-Sentinel traps

were operated from 0 to 300 m from the edge of the forest

for 5 days, considering the preliminary results of the

2016 sampling. Ovitraps were installed at the same points

as the BG-Sentinel traps for 10 days.

Trophic behavior analysis

Blood-engorged Ae. albopictus females collected with

the BG-Sentinel traps were used to identify the blood-

feeding patterns in forest environments. DNA was

extracted from abdomens containing blood and used for

PCR amplification according to the protocol by Bitome-

Essono et al.59. Specific primers were used to amplify a

portion of the 16 S rRNA gene or to amplify a portion of

the cytochrome B oxidase gene, if the first PCR test failed.

Genomic DNA from a mosquito engorged with rabbit

blood was used as positive control. DNase-free water was

used as negative control. All PCR-amplified products (10

μl) were run on 2% agarose gels in TBE buffer and positive

samples were sent to GENEWIZ for forward and reverse

sequencing after purification. Consensus sequences were

compared with existing sequences using the nucleotide

BLAST database to determine the host species, according

to Bitome-Essono et al.59.

Statistical analysis

Data from the Adolpho Ducke, Pedra Branca and

Morro dos Macacos forests were used to study (1) the

relationship between the presence of eggs and the dis-

tance from the edge (colonization), and (2) the rela-

tionship between the presence of Ae. albopictus females

and the distance from the edge (dispersion). After
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completing the first exploratory data analysis, a negative

binomial generalized linear model was developed. An

offset variable was included to weigh for the adult

mosquito sampling effort. Statistical analyses were per-

formed using the R studio 3.3.1 tool in the R software,

version 1.0.143. Data from the other seven study sites

could not be analyzed due to the low number of sampled

mosquitoes.

Acknowledgements

We thank Renato Carvalho, Mauro Menezes, Maria Ignez Bersot, Ederval Rocha

Ribeiro, Cristiano Gomes Nogueira, Belchior Alves Cirino, Nair Correia Santana,

and Nara Gonçalves Costa for their technical support. Financial support was

provided by CSF/CNPq, the Investissement d’Avenir grant managed by

Agence Nationale de la Recherche (CEBA, ref. ANR-10-LABX-2501), the

European Union’s Horizon 2020 Research and Innovation Programme under

ZIKAlliance Grant Agreement no. 734548 and the Institut Pasteur, Transversal

Research Program (ACIP-PTR grant no. 528).

Author details
1MIVEGEC Laboratory, IRD-CNRS-Montpellier Univ., Montpellier 34394, France.
2Oswaldo Cruz Institute, FIOCRUZ, Rio de Janeiro, RJ 21040-900, Brazil.
3Leonidas and Maria Deane Institute, FIOCRUZ, Manaus, AM 69057-070, Brazil.
4State of Goias Public Health Laboratory Dr. Giovanni Cysneiros, Goiania, GO

74853-120, Brazil

Author contributions

TPDS, DR, FS, RLDO, and CP conceived of the study and designed the

methodology. TPDS, FVSDA, and CP carried out the fieldwork and were

assisted by RLDO, SLB, and MS. TPDS, FVSDA, and MSASN performed the

morphological identification of mosquitoes and TPDS, DJ, and CP were

responsible for the molecular identifications. Statistical analyzes were

performed by TPDS and DR. TPDS, DR, FVSDA, RLDO, and CP wrote the

manuscript. All authors edited, commented on the manuscript and accepted

the final version.

Conflict of interest

The authors declare that they have no conflict of interest.

Publisher’s note

Springer Nature remains neutral with regard to jurisdictional claims in

published maps and institutional affiliations.

Supplementary Information accompanies this paper at (https://doi.org/

10.1038/s41426-018-0194-y).

Received: 20 August 2018 Revised: 31 October 2018 Accepted: 5 November

2018

References

1. Allen, T. et al. Global hotspots and correlates of emerging zoonotic diseases.

Nat. Commun. 8, 1–10 (2017).

2. Steiger, D. M., Ritchie, S. A. & Laurance, S. G. W. Mosquito communities and

disease risk influenced by land use change and seasonality in the Australian

tropics. Parasites Vectors 9, 1–13 (2016).

3. Rochlin, I., Faraji, A., Ninivaggi, D. V., Barker, C. M. & Kilpatrick, A. M. Anthro-

pogenic impacts on mosquito populations in North America over the past

century. Nat. Commun. 7, 1–14 (2016).

4. Steiger, D. M. et al. Effects of landscape disturbance on mosquito community

composition in tropical Australia. J. Vector Ecol. 37, 69–76 (2012).

5. Paupy, C., Delatte, H., Bagny, L., Corbel, V. & Fontenille, D. Aedes albopictus, an

arbovirus vector: From the darkness to the light. Microbes Infect. 11,

1177–1185 (2009).

6. Lambrechts, L., Scott, T. W. & Gubler, D. J. Consequences of the expanding

global distribution of Aedes albopictus for dengue virus transmission. PLoS.

Negl. Trop. Dis. 4, e646 (2010).

7. Juliano, S. A. & Lounibos, L. P. Ecology of invasive mosquitoes: effect on

resident species and human health. Ecol. Lett. 8, 558–574 (2005).

8. Hahn, M. B. et al. Reported distribution of Aedes (Stegomyia) aegypti and Aedes

(Stegomyia) albopictus in the United States, 1995-2016 (Diptera: Culicidae). J.

Med. Entomol. 53, 1169–1175 (2016).

9. Hahn, M. B. et al. Updated reported distribution of Aedes (Stegomyia) aegypti

and Aedes (Stegomyia) albopictus (Diptera: Culicidae) in the United States,

1995-2016. J. Med. Entomol. 54, 1420–1424 (2017).

10. Hawley, W. A. The biology of Aedes albopictus. J. Am. Mosq. Control. Assoc. 4,

2–39 (1988).

11. Gomes, A. C. et al. Microhabitats of Aedes albopictus (Skuse) in the Paraíba

Valley region of the State of S. Paulo, Brazil. Rev. Saude Publica 26, 108–118

(1992). Portuguese.

12. Lourenço-de-Oliveira, R., Castro, M. G., Braks, M. A. H. & Lounibos, L. P. The

invasion of urban forest by dengue vectors in Rio de Janeiro. J. Vector Ecol. 29,

94–100 (2004).

13. Delatte, H. et al. Blood-feeding behavior of Aedes albopictus, a vector of

Chikungunya on La Réunion. Vector-Borne Zoonotic Dis. 10, 249–258

(2010).

14. Faraji, A. et al. Comparative host feeding patterns of the Asian tiger mosquito,

Aedes albopictus, in Urban and Suburban Northeastern USA and implications

for disease transmission. PLoS Negl. Trop. Dis. 8, e3037 (2014).

15. Kamgang, B. et al. Notes on the blood-feeding behavior of Aedes albopictus

(Diptera: Culicidae) in Cameroon. Parasites Vectors 5, 57 (2012).

16. Sivan, A., Shriram, A. N., Sunish, I. P. & Vidhya, P. T. Host-feeding pattern of

Aedes aegypti and Aedes albopictus (Diptera: Culicidae) in heterogeneous

landscapes of South Andaman, Andaman and Nicobar Islands, India. Parasitol.

Res. 114, 3539–3546 (2015).

17. Gratz, N. G. Critical review of Aedes albopictus. Med. Vet. Entomol. 18, 215–227

(2004).

18. Grard, N. G. et al. Zika virus in Gabon (CentralAfrica)—2007: a new threat from

Aedes albopictus?. PLoS. Negl. Trop. Dis. 8, 1–6 (2014).

19. Vanlandingham, D. L., Higgs, S. & Huang, Y. J. S. Aedes albopictus (Diptera:

Culicidae) and mosquito-borne viruses in the United States. J. Med. Entomol.

53, 1024–1028 (2016).

20. Westby, K. M., Fritzen, C., Paulsen, D., Poindexter, S. & Moncayo, A. C. La Crosse

Encephalitis virus infection in field-collected Aedes albopictus, Aedes japonicus,

and Aedes triseriatus in Tennessee. J. Am. Mosq. Control. Assoc. 31, 233–241

(2015).

21. Cupp, E. W. et al. West Nile virus infection in mosquitoes in the Mid-South

USA, 2002–2005. J. Med. Entomol. 44, 117–125 (2007).

22. Rezza, G. et al. Infection with chikungunya virus in Italy: an outbreak in a

temperate region. Lancet 370, 1840–1846 (2007).

23. Weng, M. H., Lien, J. C., Wang, Y. M., Wu, H. L. & Chin, C. Susceptibility of three

laboratory strains of Aedes albopictus (Diptera: Culicidae) to Japanese ence-

phalitis virus from Taiwan. J. Med. Entomol. 34, 745–747 (1997).

24. Wispelaere, M., Desprès, P. & Choumet, V. European Aedes albopictus and Culex

pipiens are competent vectors for Japanese encephalitis virus. PLoS. Negl. Trop.

Dis. 11, 1–19 (2017).

25. Smith, G. C. & Francy, D. B. Laboratory studies of a Brazilian strain of Aedes

albopictus as a potential vector of Mayaro and Oropouche viruses. J. Am. Mosq.

Control. Assoc. 7, 89–93 (1991).

26. Couto-Lima, D. et al. Potential risk of re-emergence of urban transmission of

Yellow Fever virus in Brazil facilitated by competent Aedes populations. Sci.

Rep. 7, 1–12 (2017).

27. Johnson, B. et al. Vector competence of Brazilian Aedes aegypti and Aedes

abopictus for a Brazilian yellow fever virus isolate. Trans. R. Soc. Trop. Med. Hyg.

96, 611–613 (2002).

28. Farajollahi, A. et al. Field efficacy of BG-Sentinel and industry-standard traps for

Aedes albopictus (Diptera: Culicidae) and West Nile virus surveillance. J. Med.

Entomol. 46, 919–925 (2009).

29. Mitchell, C. J. et al. Isolation of eastern equine encephalitis virus from Aedes

albopictus in Florida. Science 257, 526–527 (1992).

30. Mitchell, C. J., Haramis, L. D., Karabatsos, N., Smith, G. C. & Starwalt, V. J. Isolation

of La Crosse, Cache Valley, and Potosi viruses from Aedesmosquitoes (Diptera:

Culicidae) collected at used-tire sites in Illinois during 1994–1995. J. Med.

Entomol. 35, 573–577 (1998).

Pereira dos Santos et al. Emerging Microbes & Infections           (2018) 7:191 Page 7 of 8



 

! [[w!

!
!
!
!
!
!
!
!
!

31. Armstrong, P. M. et al. Isolations of Cache Valley virus from Aedes albopictus

(Diptera: Culicidae) in New Jersey and evaluation of its role as a regional

arbovirus vector. J. Med. Entomol. 50, 1310–1314 (2013).

32. Gerhardt, R. R. et al. First isolation of La Crosse virus from naturally infected

Aedes albopictus. Emerg. Infect. Dis. 7, 807–811 (2001).

33. Lambert, A. J. et al. La Crosse Virus in Aedes albopictus Mosquitoes, Texas, USA,

2009. Emerg. Infect. Dis. 16, 856–858 (2010).

34. Harrison, B. A. et al. Isolation of potosi virus from Aedes albopictus in North

Carolina. J. Am. Mosq. Control. Assoc. 11, 225–229 (1995).

35. Flahault, A. et al. Chikungunya, La Réunion et Mayotte, 2005–2006: une épi-

démie sans histoire? Sante Publique 19, 165–195 (2007).

36. Bataille, A. et al. Natural colonization and adaptation of a mosquito species in

Galapagos and its implications for disease threats to endemic wildlife. Proc.

Natl. Acad. Sci. USA 106, 10230–10235 (2009).

37. Carvalho, R. G., Lourenço-de-Oliveira, R. & Braga, I. A. Updating the geo-

graphical distribution and frequency of Aedes albopictus in Brazil with remarks

regarding its range in the Americas. Mem. Inst. Oswaldo. Cruz. 109, 787–796

(2014).

38. Forattini, O. P. et al. Adults Aedes albopictus and Ae. scapularis behavior (Dip-

tera: Culidae) in Southeastern Brazil. Rev. Saude Publica 34, 461–467 (2000).

39. Braks, M. A. H., Honório, N., Lourenço-de-Oliveira, R., Juliano, S. & Lounibos, L.

Convergent habitat segregation of Aedes aegypti and Aedes albopictus (Dip-

tera: Culicidae) in southeastern Brazil and Florida. J. Med. Entomol. 40, 785–794

(2003).

40. Lima-Camara, T., Honório, N. & Lourenço-de-Oliveira, R. Frequency and spatial

distribution of Aedes aegypti and Aedes albopictus (Diptera, Culicidae) in Rio de

Janeiro, Brazil. Cad. Saude Publica 22, 2079–2084 (2006). Portuguese.

41. Maciel-de-Freitas, R., Neto, R. B., Gonçalves, J. M., Codeço, C. T. & Lourenço-de-

Oliveira, R. Movement of dengue vectors between the human modified

environment and an urban forest in Rio de Janeiro. J. Med. Entomol. 43,

1112–1120 (2006).

42. Gomes, A. C. et al. Aedes albopictus appearance in epizootic areas of jungle

Yellow Fever in South-Eastern and Southern regions of Brazil (Diptera: Culi-

cidae). Epidemiol. Serv. Saude 17, 71–76 (2008). Portuguese.

43. Segura Mde., N. et al. Occurrence of Aedes albopictus in the state of Pará, Brazil.

Rev. Saude Publica 37, 388–389 (2003). Portuguese.

44. Travassos da Rosa A. P., Vasconcelos P. F. C. & Travassos da Rosa J. F. S. (eds) An

Overview of Arbovirology in Brazil and Neighbouring Countries (Instituto Evandro

Chagas, Belém, 1998).

45. Vasconcelos, P. F. C. et al. Inadequate management of natural ecosystem in

the Brazilian Amazon region results in the emergence and reemergence of

arboviruses. Cad. Saude Publica 17, 155–164 (2001).

46. Bonaldo, M. C. et al. Genome analysis of yellow fever virus of the ongoing

outbreak in brazil reveals polymorphisms. Mem. Inst. Oswaldo. Cruz. 112,

447–451 (2017).

47. Possas, C. et al. Yellow fever outbreak in Brazil: the puzzle of rapid viral spread

and challenges for immunization [Submitted]. Mem. Inst. Oswaldo Cruz.

https://doi.org/10.1590/0074-02760180278 (2018).

48. Possas, C., Martins, R. M., Lourenço-de-Oliveira, R. & Homma, A. Urgent call for

action: Avoiding spread and re-urbanisation of yellow fever in Brazil.Mem. Inst.

Oswaldo. Cruz. 113, 1–2 (2018).

49. Alencar, J. et al. Flight height preference for oviposition of mosquito (Diptera:

Culicidae) vectors of sylvatic yellow fever virus near the hydroelectric reservoir

of Simplício, Minas Gerais, Brazil. J. Med. Entomol. 50, 791–795 (2013).

50. Myers, N., Mittermeier, R. A., Mittermeier, C. G., da Fonseca, G. A. B. & Kent, J.

Biodiversity hotspots for conservation priorities. Nature 403, 853–858 (2000).

51. Colless, D. H. Notes on the culicine mosquitoes of singapore. Ann. Trop. Med.

Parasitol. 51, 87–101 (1959).

52. Richards, S. L., Ponnusamy, L., Unnasch, T. R., Hassan, H. K. & Apperson, C. S.

Host-feeding patterns of Aedes albopictus (Diptera: Culicidae) in relation to

availability of human and domestic animals in suburban landscapes of central

North Carolina. J. Med. Entomol. 43, 543–551 (2006).

53. Esbérard, C. E. L. & Bergallo, H. G. Biological aspects of Tonatia bidens (Spix) in

Rio de Janeiro State, southeastern Brazil (Mammalia, Chiroptera, Phyllostomi-

dae). Rev. Bras. Zool. 21, 253–259 (2004). Portuguese.

54. Lara, K. M., Pinho, J. B. & Silveira, R. M. L. Reproductive biology of Taraba major

(Aves, Thamnophilidae) from the region of Pirizal, Porcao Norte Do Pantanal,

Mato Grosso, Brazil. Pap. Avulsos Zool. 52, 349–359 (2012).

55. Lourenço-de-Oliveira, R., Vazeille, M., Maria, A. N. A., Filippis, B. D. E. & Failloux, A.

Large genetic differentiation and low variation in vector competence

for dengue and yellow fever viruses of Aedes albopictus from Brazil, the

United States, and the Cayman Islands. Am. J. Trop. Med. Hyg. 69, 105–114

(2003).

56. Amraoui, F. et al. Experimental adaptation of the Yellow Fever virus to the

mosquito Aedes albopictus and potential risk of urban epidemics in Brazil,

South America. Sci. Rep. 8, 14337 (2018).

57. Honório, N. et al. Dispersal of Aedes aegypti and Aedes albopictus (Diptera:

Culicidae) in an urban endemic dengue area in the State of Rio de Janeiro,

Brazil. Mem. Inst. Oswaldo. Cruz. 98, 191–198 (2003).

58. Consoli, R. A. G. B. & Lourenço-de-Oliveira, R. (eds) Principais Mosquitos de

Importância Sanitária no Brasil (Fiocruz, Rio de Janeiro, 1994).

59. Bitome-Essono, P. Y. et al. Tracking zoonotic pathogens using blood-sucking

flies as “flying syringes”. eLife 6, e22069 (2017).

Pereira dos Santos et al. Emerging Microbes & Infections           (2018) 7:191 Page 8 of 8



! [[f!

UZ,B')%#!L!4!S'Q#%*')?!/#*!&7.'&'/?*!#(!-6%/7%#*!;6%#*)'1%#*!

/7!W%?*'.<!

 

L<3!4!U6()#(7!/7!&Z,B')%#<!

@$!+>&7'./$!w!$%.!+,-%&+/1!;!3F1.)5$!5$%!+,**)-&).1%!+)3'+'5'$--$%!

&)!%$'-!5$!0,/5)/$%!2,/$%.'=/$%!&)!E/1%'34!$.!$-!7&/.'+)3'$/!5$!3$)/!5'8$/%'.1!

%71+'2'()$?! B'-%'! 3&! 5'8$/%'.14! $%.'*1$! 7&/! 3$%! 7&/&*=./$%!B37>&4! E9.&! $.!

V&**&4! &! 1.1! $S73,/1$! 7,)/! 3$%! [\! 2/&:*$-.%! 2,/$%.'$/%! '-+3)%! 5&-%! +$!

./&8&'3!5$!.>=%$?!@&!5'8$/%'.1!5$%!+,**)-&).1%!&!$-%)'.$!1.1!&-&3<%1$!;!3&!

3)*'=/$! 5$! 7&/&*=./$%! $-8'/,--$*$-.&)S! .$3%! ()$! 3F'-5'+$! JAGW! ,)! 3&!

+,)8$/.)/$!2,/$%.'=/$?!T-2'-4!-,)%!&8,-%!/$+>$/+>1!)-!$22$.!7,.$-.'$3!5$!3&!

7/1%$-+$! $.! 5$! 3F&0,-5&-+$! #<!"/% &'()*+,-.$! %)/! 3&! 5'8$/%'.1! 5$%!

&%%$*03&:$%!5F$%7=+$%!5$!+)3'+'51%4!+$!()'!7,)//&'.4!+6%7+6"0!$-./&s-$/!5$%!

*,5'2'+&.',-%! 5$%! *,5&3'.1%! 5$! ./&-%*'%%',-! 5$! +$/.&'-%! &/0,8'/)%!

%$38&.'()$%?!

!

L<>!4!U6()#A)#<!

@$! E/1%'3! $%.! +,-%'51/1! +,**$! )-! 7&<%! ;! 2,/.$! 0',5'8$/%'.1! &-'*&3$! $.!

81:1.&3$4!+,-%1()$-+$!5$!3&!5'8$/%'.1!5$!%$%!1+,%<%.=*$%4!5$!%,-!+3'*&.4!

$.!5$!%,-!1.$-5)$!.$//'.,/'&3$!%F1.'/&-.!5$!3&!`,-$!1()&.,/'&3$!./,7'+&3$!;!3&!

`,-$! %$*'Z.$*71/1$! OV)$5$%! ^\[^P?! @$! .$//'.,'/$! $%.! &'-%'! 5'8'%1! $-! %'S!

0',*$%!OB*&`,-'&4!Y&.&!B.3&-.'+&4!I$//&5,4!I&&.'-:&4!C&*7&!$.!C&-.&-&3P!

()'! /$:/,)7$-.! 7/=%! 5$! ^_x! O%,'.! bfw! $%7=+$%P! 5$%! g! _f\! $%7=+$%! 5$!

*,)%.'()$%!/17$/.,/'1$%!;!./&8$/%!3$!*,-5$!O{{{?*,%()'.,%+&.&3,:?,/:P?!

C&/!&'33$)/%4!73)%!5$!^[\!&/0,8'/)%!,-.!1.1!/17$/.,/'1%!5&-%!3$%!2,/9.%!

0/1%'3'$--$%!O5,-.![vw!7,)/!3&!%$)3$!B*&`,-'$P4!$.!5,-.!3$%!+<+3$%!-&.)/$3%!



 

! [[b!

O<! +,*7/'%! 3$%! 8$+.$)/%P! 5$*$)/$-.! '-+,--)%! OI&%%$0! $.! &3?! ^\[hP?!

I$7$-5&-.4! 3$%!7/$%%',-%!&-.>/,7'()$%!5$!5'221/$-.$%!-&.)/$%4! .$33$%!()$!

36$S73,'.&.',-! *'-'=/$4! 36&:/'+)3.)/$! $.! 3&! 512,/$%.&.',-! ,-.! +,-5)'.! ;! 3&!

2/&:*$-.&.',-! 5$! 3&! 2,/9.! $-./&'-&-.! 5$%! *,5'2'+&.',-%! 7/,2,-5$%! 5$! 3&!

0',5'8$/%'.14! <! +,*7/'%! +$33$! 5$%! *,)%.'()$%! Ol/&-i&! &-5! Y&/'-'! ^\\v4!

I>&8$%4!k.,-$/4!$.!&3?!^\[[P?!X-$!5$%!+,-%1()$-+$%!5$!3&!2/&:*$-.&.',-!

$%.! 3&! 2,/*&.',-! 5$! 0,/5)/$%! 2,/$%.'=/$%4! ()'! +,-%.'.)$-.! 5$%! `,-$%! 5$!

./&-%'.',-!$-./$!3&!2,/9.!,/':'-&3$!$.!36$-8'/,--$*$-.!>)*&'-!()'!7$).!'-5)'/$!

)-! '*7&+.! 7,%'.'2! ,)! -1:&.'2! O+,--)! +,**$! $22$.! 5$! 0,/5P! %)/! +$/.&'-$%!

+,**)-&).1%!0',3,:'()$%!O@&)/&-+$!$.!&3?![vvb4!A&8'$%ZI,33$<!$.!&3?!^\\\4!

D$55'-:! $.! &3?! ^\\gP?! T-! B*&`,-'$4! 3F'-23)$-+$! 5$! 3F$22$.! 5$! 0,/5! &! 1.1!

51.$+.1$!R)%()F;![\\!*!;!3F'-.1/'$)/!5$%!2,/9.4!*&'%!+$.!$22$.!7$).!%$!2&'/$!

/$%%$-.'/! 73)%! 7/,2,-51**$-.! +,**$! +$3&! &! 1.1! 51*,-./1! $-! B)%./&3'$!

R)%()F;!^\\!*!O@&)/&-+$!$.!&3?![vvbP?!k,-!'-.$-%'.1!7$).!8&/'$/!$-!2,-+.',-!

5$!3&!.&'33$!5$%!2/&:*$-.%!2,/$%.'$/%!+,-+$/-1%!$.!,-!$%.'*$!()$!73)%!7$.'.$!

$%.! 3&! .&'33$!5)! 2/&:*$-.4!73)%!:/&-5!$%.! 3F$22$.!5$!0,/5)/$!()F'3!%)0'.?!@$%!

1.)5$%!7,/.&-.!%)/!3&!5'8$/%'.1!5$%!*,)%.'()$%!&)!E/1%'3!7/$--$-.!/&/$*$-.!

$-! +,-%'51/&.',-! 3&! 5'%.&-+$! &8$+! 3&! `,-$! &-.>/,7'()$4! $.! -1:3':$-.!

1:&3$*$-.! %,)8$-.! 3F'*7&+.! 5$! 3F$22$.! 5$! 0,/5! %)/! 3$%! +,**)-&).1%! 5$%!

*,)%.'()$%!5&-%!3$%!5'221/$-.%!+,-.$S.$%!2,/$%.'$/%!O@,)/$-i,!5$!j3'8$'/&!$.!

&3?! ^\\h4! Y$5$'/,%Zk,)%&! $.! &3?! ^\[_P?! C&/! &'33$)/%4! 3F'*7&+.! 5F$%7=+$%!

'-8&%'8$%4!+,**$!+F$%.!3$!+&%!5F!"/%&'()*+,-.$4%$%.!/&/$*$-.!+,-%'51/1!5&-%!

3$%! '-.$/2&+$%!$-./$! 3$%!$-8'/,--$*$-.%!)/0&'-%!$.! 2,/$%.'$/%!OC$/$'/&!5,%!

k&-.,%!$.!&3?!^\[bP?!C,)/.&-.!3&!7/1%$-+$!5$!+$..$!$%7=+$!$%.!%)%+$7.'03$!

5$!:1-1/$/! 5$%! +>&-:$*$-.%!5)! 2&'.! 5F'-.$/&+.',-%!0',3,:'()$%!&8$+!5$%!



! [[v!

$%7=+$%!).'3'%&-.! 3$%!*9*$%!-'+>$%!1+,3,:'()$%!$.!7,)8&-.!:1-1/$/!5$%!

7>1-,*=-$%! 5$! +,*71.'.',-! +&7&03$%! 5$! *,5)3$/! 3$%! 7&..$/-%! 5$!

5,*'-&-+$! 5$%! $%7=+$%! 5$! +)3'+'51%! 8,'/$! 5F$-./&'-$/! 3&! 5'%7&/'.',-! 5$!

+$/.&'-$%!$%7=+$%!-&.'8$%?!

A$!.$3%!+>&-:$*$-.%!7$)8$-.!7&/!/'+,+>$.4!$-./&s-$/!5$%!*,5'2'+&.',-%!5$%!

*,5&3'.1%!5$!./&-%*'%%',-!5F&:$-.%!'-2$+.'$)S!./&-%*'%!7&/!3$%!*,)%.'()$%4!

$.!*9*$!2&+'3'.$/! 3F1*$/:$-+$!3,+&3$!5F&:$-.%!'-2$+.'$)S!$-`,,.'()$%!8$/%!

3F>,**$?! !"#"$% &'()*+,-.$! 7,%%=5$! )-! 7,.$-.'$3! 7,)/! &:'/! +,**$! )-!

8$+.$)/!o!0/'5:$!q!-,.&**$-.!7,)/!5$%!&/0,8'/)%!7/1%$-.!$-!0,/5)/$!5$!

2,/9.%!&)!E/1%'3!OC$/$'/&!5,%!k&-.,%!$.!&3?!^\[bP?!

A&-%!+$..$!7&/.'$!5$!3&!.>=%$!-,)%!&8,-%!7&/!+,-%1()$-.!.$-.1!5$!

+&/&+.1/'%$/!3$%!+,**)-&).1%!5$!*,)%.'()$%!&)!%$'-!5$!+$%!0,/5)/$%!%,)%!

3F&-:3$!5$!3F&0,-5&-+$!/$3&.'8$!5$!+>&+)-$!5$%!$%7=+$%!$.!5$%!'-5'+$%!5$!

5FB37>&4!E9.&!$.!V&**&!5'8$/%'.1?!

B'-%'4!+$!./&8&'3!&!1.1!*$-1!5&-%![\!0,/5)/$%!5'221/$-.$%!5$!2,/9.!5)!

E/1%'3!3,+&3'%1$%!5&-%!3$%!0',*$%!B*&`,-'&4!Y&.&!B.3&-.'+&!$.!I$//&5,?!@$%!

-'8$&)S!5$!5'8$/%'.1!,0%$/81%!,-.!1.1!&-&3<%1%!&)!/$:&/5!5$!7&/&*=./$%!

$-8'/,--$*$-.&)S!+,**$!3&!5'%.&-+$%!&)S!`,-$%!)/0&'-$%4!3&!+,)8$/.)/$!

2,/$%.'1/$!$.!3F'-5'+$!JAGW?!T-!5$/-'$/!3'$)4!-,)%!&8,-%!1.)5'1!+,**$-.!!"/%

&'()*+,-.$%7,)8&'.!'*7&+.$/!3&!5'8$/%'.1!5$!3&!+,**)-&).1!5$%!*,)%.'()$%!

&)!%$'-!5$!+>&+)-!5$%!2/&:*$-.%!2,/$%.'$/%!'-8$%.':)1%?!

 !



 

! [^\!

L<I!4!0,)#%'#.!#)!0?)Z6/#<!

A$%!$-()9.$%!$-.,*,3,:'()$%!,-.!1.1!*$-1$%!5$!R&-8'$/!;!*&'!̂ \[w!

$.!5$!218/'$/!;!R)'-!^\[f?!B'-%'!5$%!*,)%.'()$%!,-.!1.1!1+>&-.'33,--1%!5&-%!

./,'%!0,/5)/$%!5$!2,/9.%!&)!E/1%'3!$-!^\[w!&)!%$'-!5$%!0',*$%!B*&`,-'&!;!

Y&-&)%!OYBP4!I$//&5,!;!V,'&-'&!OVjP!$.!Y&.&!B.3&-.'+&!;!D',!5$!#&-$'/,!

OD#P?! T-! ^\[f4! 5$%! 1+>&-.'33,--&:$%! +,*731*$-.&'/$%! ,-.! 1.1! $22$+.)1%!

5&-%! %$7.! &)./$%! 0,/5)/$%! 5$! 2,/9.%! 5&-%! 3$%! 0',*$%!Y&.&! B.3&-.'+&! $.!

I$//&5,4!;!E$3,!e,/'`,-.$!OEeP4!k'*,-1%'&!OkWP4!A,*'-:,%!Y&/'.'-%!OAYP4!

k$//&OkTP4!I&%'*'/,!5$!B0/$)!OIBP4!Y&/'+&!OYIP4!k&38&5,/!OkBP!OL&03$&)!

gP?@F1+>&-.'33,--&:$!5$%!*,)%.'()$%!&!1.1!$22$+.)1!+,**$!7/1+$5$**$-.!

51+/'.!&)!+>&7'./$!h!%$3,-!5$%! ./&-%$+.%!7&/.&-.!5$%!0,/5)/$%! 2,/$%.'=/$%!

8$/%!36'-.1/'$)/!5$!3&!2,/9.!O\!;!_\\*!7,)/!YB4!Vj!$.!D#4!\!;!g\\!*!7,)/!3$%!

&)./$%!%'.$%P?!

A&-%!3$!I>&7'./$!h4!%$+.',-!h?b?^!-,)%!&8,-%!1:&3$*$-.!51.&'331!3$%!

+&3+)3%!5F&-&3<%$!5$!0',5'8$/%'.14!$-!+,-%'51/&-.! 3$%!7/'-+'7$%! .>1,/'()$%!

7,)/!3$%!+&3+)3%!5$!5'8$/%'.1!5$!#,%.4!^\\f4!&'-%'!()$!@$:$-5/$!$.!I&+$/$%4!

^\[g?! I$! +>&7'./$! 51.&'33$! 1:&3$*$-.! 3$%! +&3+)3%! /1&3'%1%! 7,)/! ,0.$-'/!

3F&0,-5&-+$!/$3&.'8$4!&'-%'!()$!3$%!5,--1$%!$-8'/,--$*$-.&3$%?!

!

L<J!4!"?*7.),)*<!

 

L<J<3!4!D-6(/,(&#]!D-6(/,(&#!%#.,)'Q#!#)!&6$B6*')'6(!/#*!#*B1&#*!/#!

&7.'&'/?*<!

X-! .,.&3! 5$! [_! \bv!*,)%.'()$%! O/17&/.'%! $-! gh! %,)%Z:$-/$! $.! _f!

$%7=+$%P!&!1.1!+,33$+.1!5&-%!3F$-%$*03$!5$%!7'=:$%!$.!5$%!%'.$%!5F1.)5$%!

5$!^\[w!$.! ^\[f?!@$!73)%!:/&-5!-,*0/$!5$!*,)%.'()$%!&!1.1! +,33$+.1!;!

Y&-&)%4!%,'.!g!f\h!'-5'8'5)%!OL&03$&)!_P!+,//$%7,-5&-.!;!)-$!*,<$--$!5$!



! [^[!

h?bf!*,)%.'()$%!7&/!7'=:$!$.!7&/! R,)/!OYaCa#P?!I$%!+&7.)/$%!1.&'$-.!7,)/!

3$%!&)./$%!%'.$%!$.!7&/!,/5/$!51+/,'%%&-.4!5$!g!hff!'-5'8'5)%!O^h?g[!YaCa#P!;!

k&38&5,/4!5$!^!^_w!%71+'*$-%!Ov?_[!YaCa#P!;!Y&/'+p4!5$!^![\b!Of?[v!YaCa#P!

;!D',!5$!#&-$'/,4!5$![^fh!Ow?gf!YaCa#P!;!I&%$*'/,!5$!B0/$)4!5$!wbv!O[?f_!

YaCa#P!;!V,'&-'&4!5$!__b!O^?fgP!;!k'*,-1%'&4!5$!h_h!Oh?\v!YaCa#P!;!E$3,!

e,/'`,-.$4!5$!h^v!Oh?hw!YaCa#P!;!k$//&!$.!5$![h\!O[?f\!YaCa#P!;!A,*'-:,%!

Y&/.'-%?! @$! -,*0/$! 5F$%7=+$%! +,33$+.1$%! 5&-%! +>&()$! `,-$! 7/1%$-.$!

5F'*7,/.&-.$%!8&/'&.',-%4!$.!)-!-,*0/$!%':-'2'+&.'2!5$!%71+'*$-%!-F&!7&%!7)!

9./$!'5$-.'2'1!$.!+,//$+.$*$-.!&%%':-1!&)!-'8$&)!5$!3F$%7=+$?!

!

!

!

!

!

!

!

!

! !



 

! [^^!

+,-.#,7!K!4!B0,-5&-+$!.,.&3$!7&/!$%7=+$!$.!7&/!`,-$!5$!+,33$+.$!Eec!OE$3,!e,/'`,-.$P4!
IB! OI&%'*'/,! 5$! B0/$)P4! AY! OA,*'-:,%! Y&/.'-%P4! VjO! V,'&-'&P4! YB! OY&-&)%P4! YI!
OY&/'+&P4!D#!OD',!5$!#&-$'/,P4!kB!Ok&38&5,/P4!kT!Ok$//&P4!kW!Ok'*,-1%'&P?!!
!
8#(%#]!Y67*bP#(%#!67!@*B1&#! Wea! UD! S0! 89! 0D! 0U! "X! YD! Y@! Y5!

!"#")>?&%@!"#")>?+&A%$B.&>*"66+$% \! \! \! ^v! \! \! \! \! \! \!

!"#")>?+&%@!"#")>?+&A%$*/% \! [! \! \! \! \! \! \! \! \!

!"#"$%@C-"1)>?+&A%&"1?*-+% h! \! \! h! [! [! \! \! \! \!

!"#"$%@C-"1)>?+&A%&'()*+,-.$% [^! ^! _! wg! [^g^! f! [gv! hh! g! ^b!

!"#"$%@D5)-)>&,'"&?&A%&51?5)-2)5&E% \! \! [! \! \! [! \! \! \! \!

!"#"$%@F")51",5&+1+.$A%;'.8+&-+'+$% \! \! \! \! g! \! [! \! \! \!

!"#"$%@G)H&5#+6&A%;.'8+-2)5&E% [! ^! \! \! \! \! \! \! \! \!

!"#"$%@I,2'"5)-&-.$A%$,&*.'&5+$% gg_! gfb! hg! [! \! hh[! [! w! ^[_! h\!

!"#"$%@I,2'"5)-&-.$A%$"55&-.$% \! \! _! [! \! \! \! \! \! \!

!"#"$% [! \! [! \! \! [g! \! [g! \! f!

!"#"$%@I,2'"5)-&-.$A%-&"6+)52?6,2.$% \! \! \! \! \! [^^b! h! \! [! \!

!"#"$%@D5)-)>&,'"&?&A%-"55"6$% \! \! \! \! \! \! [! \! \! h!

J)B.+''"--+#+&%@92?6,2)-&"6+&A%&'(+,)$-&% \! \! \! h! \! \! \! \! \! [!

J)B.+''"--+#+&%@92?6,2)-&"6+&A%2"5>&6)+%% \! \! \! \! \! \! \! \! [! \!

J)B.+''"--+#+& @92?6,2)-&"6+&A%K.$-&>&6$)6+&% \! \! [! \! \! \! \! \! [_! \!

J)B.+''"--+#+&%@92?6,2)-&"6+&A%6+15+,&6$% \! \! \! \! \! \! \! \! w! \!

J)B.+''"--+#+&%@92?6,2)-&"6+&A%$2&66)6+% \! \! \! \! \! \! \! \! [! \!

J)B.+''"--+#+&%@92?6,2)-&"6+&A%$*/% \! \! \! w! \! \! [! h! w\! [^!

J)B.+''"--+#+&%@92?6,2)-&"6+&A%8"6"L."'"6$+$% \! \! \! _[! \! \! \! \! \! g!

J.'"E%@J.'"EA%#",'&5&-)5% \! \! \! [! \! ^! \! \! ^! \!

J.'"E%@J&55)'+&A% \! \! \! \! [[! \! \! \! \! \!

J.'"E%@M"'&6),)6+)6A% \! \! \! \! \! \! [f! \! \! \!

J.'"E%@J.'"EA%,)5)6&-)5% [! \! \! \! \! \! [! \! \! \!

J.'"E%@J.'"EA%#)')$.$% \! \! \! gh! \! \! \! \! \! \!

J.'"E@M"'&6),)6+)6A%"55&-+,.$% \! \! \! [\w! w^[! \! \! \! \! \!

J.'"E%@M"'&6),)6+)6A%+#)--.$% \! \! \! w\! \! \! \! \! \! \!

J.'"E%@J.'"EA%>)''+$% \! \! \! \! vv[! \! \! \! \! \!

J.'"E%@J.'"EA%6+15+*&'*.$% \! \! ^! _f! [h! [\b! vf_! \! [! \!

J.'"E%@M"'&6),)6+)6A%*+')$.$% \! \! \! \! [b^! \! \! \! \! \!

J.'"E%@J.'"EA%B.+6B.";&$,+&-.$% [! \! \! ^f! _! \! hbg! \! _! \!

J.'"E%@J.'"EA% h! wh^! ^! [\b! w[! [gb! [\! ^vwv! [b! f!

N"+6),"5+-"$%@N"+6),"5+-"$A%$*/% \! \! \! ^! \! \! \! \! \! \!

G&">&1)1.$%@G&">&1)1.$A%K&6-2+6)>?$% \! \! \! \! \! ^! \! \! \! ^!

G&">&1)1.$%@J)6)*)$-"1.$A%'".,),"'&"6.$% [h! [_! ^! [! g! ^^_! [g! \! \! gf!

O+>&-.$%@O+>&-.$A%#.52&>++% [[! h^! gv! fv! ^gw! _\! [w! g_! \! [\h!

O+>&-.$%@O+>&-.$A% \! hf! ^! \! g\! ^! [\! ^gb! \! f!

O.-L+&%@O.-L+&A% \! h! \! \! \! \! \! \! \! \!

M&6$)6+&%@M&6$)6+&A%+6#.(+-&6$% \! \! \! \! \! \! \! \! fb! \!

M&6$)6+&%@M&6$)6+&A% \! [! \! ^! \! \! \! \! b! \!

M&6$)6+&%@M&6$)6+&A%-+-+'&6$% \! \! \! \! \! \! \! \! [h! \!

!"#"$%@I,2'"5)-&-.$A%,)6#)'"6,"$% \! \! \! \! ^! \! \! \! \! \!

!"#"$%@I,2'"5)-&-.$A% \! \! \! b! \! \! \! \! \! \!

I5-2)*)#)>?&%@I5-2)*)#)>?&A%;&$,+*"$% \! \! \! ^! f! \! \! \! \! \!

D$)5)*2)5&%@P&6-2+6)$)>&A%&'(+*"$% \! \! \! \! [^f! \! \! \! \! \!

D$)5)*2)5&%@P&6-2+6)$)>&A%;"5)E% _! \! [! \! \! \! \! \! \! b!

D$)5)*2)5&@P&6-2+6)$)>&A%'.-L+% \! \! ^! \! ^h! \! \! \! \! \!

!
!
!
!
!
!
! !



! [^g!

+,-.#,7!K!4!Ok)'.$P?!
!

8#(%#]!Y67*bP#(%#!67!@*B1&#! Wea! UD! S0! 89! 0D! 0U! "X! YD! Y@! Y5!

D$)5)*2)5&%@P&6-2+6)$)>&A% g! [! _! ^! w! \! _! ^! [! ^!

9.6,2)>?+&%@9.6,2)>?+&A%;5)6-)$&% \! g! \! \! \! ^! \! \! \! \!

9.6,2)>?+&%@9.6,2)>?+&A%2.>()'#-+% \! \! [! \! \! g! \! \! \! \!

9.6,2)>?+&%@9.6,2)>?+&A% \! h! [! \! \! w! v! \! \! _!

C&("-2"$%@D"?-)6.'.$A%+#"6-+,.$% \! [! \! \! \! \! \! \! \! \!

C&("-2"$%@N&8+$>?+&A% [! \! \! \! \! \! \! \! \! \!

C&("-2"$%@N&8+$>?+&A%*"-5),,2+&"% \! \! \! \! \! \! \! \! \! w[!

C&("-2"$%@C&("-2"$A% w! f! [! b! \! \! g! [! \! ^b!

C&("-2"$%@C&("-2+6.$A% \! \! \! [w! \! \! \! b! \! \!

C&("-2"$%@C&("-2)+#"A% \! \! \! ^! \! \! \! \! \! \!

C&("-2"$%@C&("-2"$A%&'(+*5+8.$% _\! [! \! \! \! \! \! \! \! [hf!

C&("-2"$%@C&("-2"$A%("'+$&5+)+% \! \! \! [! \! \! \! \! \! \!

C&("-2"$%@C&("-2)+#"A%,2')5)*-"5.$% \! \! \! \! \! [! \! \! \! ^!

C&("-2"$%@C&("-2+6.$A%+6-"5>"#+.$% \! \! \! [! \! \! \! \! \! \!

C&("-2"$%@C&("-2"$A%B.&$+,?&6".$% \! \! \! [! [g! \! \! \! \! [!

C&("-2"$%@D"?-)6.'.$A%H2+->&6+% \! \! \! \! \! \! \! \! \! [!

=5+,2)*5)$)*)6%@=5+,2)*5)$)*)6A%,)>*5"$$.>% \! v! \! \! \! \! \! \! \! \!

=5+,2)*5)$)*)6%@=5+,2)*5)$)*)6A%#+1+-&-.>% \! [! \! \! [^[! [! \! \! \! \!

=5+,2)*5)$)*)6%@=5+,2)*5)$)*)6A% \! [[! \! \! \! ^! [! \! \! ^!

Q5&6)-&"6+&%@Q5&6)-&"6+&A%,&')$)>&-&% \! \! \! \! ^! \! \! \! \! \!

R?")>?+&%@M+&>?+&A% \! \! \! \! \! \! \! \! \! [!

R?")>?+&%@D2)6+)>?+&A% \! gw! \! \! \! ^! f_! \! \! \!

R?")>?+&%@=5+&>?+&A%&*)5)6)>&% \! g! \! \! f! \! [! \! \! ^!

R?")>?+&%@D5)$)*)'"*+$A%,)6;.$&% \! g^! [h! \! \! v! ^! \! \! g!

R?")>?+&%@C*+')6?>*2&A%;)5,+*"6+$% \! \! ^! \! \! g! \! \! \! \!

R?")>?+&%@R?")>?+&A%>"#+&'(+*"$% f! [! \! \! \! \! \! ^! \! h!

R?")>?+&%@N"6#5)>?+&A%>"'&6),"*2&'&% \! \! \! \! [! \! \! h\! \! [!

R?")>?+&%@C*+')6?>*2&A%>?$-"$% \! \! g! \! \! _! \! \! \! h!

R?")>?+&%@R?")>?+&A% \! ^^! f! [^! h! h! ^! [[_! \! gh!

R?")>?+&%@D2)6+)>?+&A%$*'"6#+#&% \! \! \! \! \! \! g^g! \! \! \!

+6),.! h_h! [^fh! [h\! wbv! gf\h! ^^_w! ^[\b! ghff! h^v! __b!

!

T-! 0,/5)/$! 5$! 2,/9.4! 3&! +,*7,%'.',-! 5$%! $%7=+$%! &! +>&-:1! $-!

2,-+.',-! 5$%! `,-$%! 5$! +,33$+.$%?! T-! :1-1/&34! 3F&0,-5&-+$! /$3&.'8$! ;! 1.1!

5,*'-1$!7&/!5$%!$%7=+$%!-&.'8$%4!*&'%!,-!7$).!,0%$/8$/!&)%%'!3&!7/1%$-+$!

5$! 3F$%7=+$! '-8&%'8$!!"/% &'()*+,-.$%5&-%! .,)%! 3$%! 2/&:*$-.%! 2,/$%.'$/%! ;!

5'221/$-.$%!5'%.&-+$%!5$!3&!0,/5)/$!5$!3&!2,/9.!5$!\!;!_\\*?!!"#"$%&"12*-+4!

)-$!&)./$!$%7=+$!'-8&%'8$4!&!1.1!/1./,)81$!5&-%!h!`,-$%!OE$3,!e,/'`,-.$4!

Y&-&)%4!V,'&-'&!$.!Y&/'+&P!*&'%!&8$+!)-$!./=%!2&'03$!&0,-5&-+$!/$3&.'8$?!

B!Y&-&)%!-,)%!&8,-%!7)!,0%$/8$/!()$!73)%!-,)%!-,)%!13,':-',-%!

5)!0,/5!5$!3&!2,/9.!73)%!3&!7/18&3$-+$!5$%!$%7=+$%!-&.'8$%!&):*$-.&'.?!B!\!

*!!"/%&'()*+,-.$! 1.&'.! 5,*'-&-.$!%)/! 3$%!&)./$%!$%7=+$%4!$.! /$7/1%$-.&'.!



 

! [^h!

_\x! 5$! 3F&0,-5&-+$! /$3&.'8$4! 7,)/! 5'*'-)$/! 7/,:/$%%'8$*$-.! $.! -$! 73)%!

$S'%.$/! ;! h\\*4! &)! +,-./&'/$! 5$! 3F&0,-5&-+$! /$3&.'8$! 5$! 9&("-="$%

5.&$+,2&6".$!()'!&):*$-.&'.!&8$+!3F13,':*$-.!5$!3&!0,/5)/$?!U!V,'&-'&4!3&!

7/1%$-+$!5F!"/%&'()*+,-.$!5'*'-)&'.!&8$+!3&!5'%.&-+$?!A&-%!+$!2/&:*$-.4!,-!

-,.$! &)%%'! 3&! +&7.)/$! 5F$%7=+$%! '-5':=-$%! +,**$! 3)5.+''"--+#+&%

C"6"P."'"6$+$!$.!!"#"):2+&%$5.&:+*"66+$0%&'-%'!()$! 3$!:$-/$!9&("-="$!

7/1%$-.! &)! 3,-:! 5$! +$! 2/&:*$-.! 2,/$%.'$/! $.! /$7/1%$-.1! 7&/! 3$%! $%7=+$%!

9&("-="$% ("'+$&>+)+0% 9&(/% +6-">:"#+.$0% 9&(/% 5.&$+,2&6".$% ).% 9&(/%

S=+-:&6+/!

A&-%! 3$! 2/&:*$-.! 2,/$%.'$/!5$!D',!5$!#&-$'/,4!)-$!5'%./'0).',-!73)%!

>,*,:=-$!5$%!$%7=+$%!'-8&%'8$%!$.!-&.'8$%!&!1.1!,0%$/81$4!&'-%'!()F)-$!

.$-5&-+$!5F!"/%&'()*+,-.$!;!&):*$-.$/! R)%()F;!^\\*!$.!5'*'-)$/!;!7&/.'/!

5$! +$..$! 5'%.&-+$?!!"#"$% &"12*-+%-F&! 7&%! 1.1! 51.$+.1! 5&-%! 3$! 7'=:$!E:Z

%$-.'-$3%4! *&'%! 3F$%7=+$! Q2"):2+&% $*'"6#+#&% ;! 1.1! &0,-5&**$-.!

+&7.)/1$?! F&":&1)1.$% '".,),"'&"6.$% &! 1.1! /$-+,-./1! *&'%! $-! 2&'03$!

5$-%'.1?!

B! I&%'*'/,! 5$! B0/$)4! 3F&0,-5&-+$! /$3&.'8$! 5F!"/% &'()*+,-.$! 1.&'.!

2&'03$!$.!/$%./$'-.$!;!\!*?!L,).!&)!3,-:!5$!+$!2/&:*$-.4!3$!:$-/$!9&("-="$!&!

1.1! +&7.)/1! $.! %,-! &0,-5&-+$! /$3&.'8$! 1.&'.! 73)%! 13$81$! ;! g\\*?! @&!

+,*7,%'.',-!5F$%7=+$%!&!1.1!5,*'-1$!7&/!5$%!$%7=+$%!-&.'8$%!5)!:$-/$!

!"#"$$4! +,**$! 7,)/! 3$%! 2/&:*$-.%! 2,/$%.'$/%! 1.)5'1%! ;! E$3,!e,/'`,-.$4!

Y&/'+&!$.!k$//&?!C,)/!3$%!5$)S!5$/-'$/%4!!"/%&'()*+,-.$!&!1.1!/$./,)81!73)%!

$-! 7/,2,-5$)/! 7&/! /&77,/.! ;! 3&! 0,/5)/$! $.! ;! Y&/'+&! )-$! '*7,/.&-.$!

&0,-5&-+$! /$3&.'8$! 5$! 3F$%7=+$! F&":&1)1.$% '".,),"'&"6.$% ! &! 1.1!

,0%$/81$?!



! [^_!

C,)/!E$3,!e,/'`,-.$4!3F&0,-5&-+$!5$%!$%7=+$%!'-8&%'8$%!!"/%&"12*-+!

$.!!"/%&'()*+,-.$!&!&):)*$-.1!;!7&/.'/!5$!3&!0,/5)/$!5$!3&!2,/9.!$.!3F$%7=+$!

!"/% $,&*.'&>+$! &! 1.1! 51.$+.1$! ;! .,).$%! 3$%! 5'%.&-+$%! 5$! +$! 2/&:*$-.!

OL&03$&)!_P?!B!k'*,-1%'&4!3F&0,-5&-+$!/$3&.'8$!5F!"/%&'()*+,-.$%&!1.1!73)%!

'*7,/.&-.$!;!3F'-.1/'$)/!5$!3&!2,/9.4!*&'%!.,).!&)!3,-:!5)!2/&:*$-.!2,/$%.'$/4!

3$%! $%7=+$%!9&(="-"$% &'(+*>+C.$! $.!F&":&1)1.$% '".,),"'".6)$% ,-.! 1.1!

73)%!&0,-5&-.$%?!

B!A,*'-:,%!Y&/.'-%4!!"/% &'()*+,-.$! 1.&'.! 7/1%$-.! 5)! 0,/5! O\*P! ;!

3F'-.1/'$)/!Og\\*P!5$!+$!2/&:*$-.!2,/$%.'$/?!@$%!$%7=+$%!5,*'-&-.$%!,-.!1.1!

5$%!$%7=+$%!-&.'8$%4!7/'-+'7&3$*$-.!5)!:$-/$!!"#"$?!T-2'-!$.!+,-+$/-&-.!

3$! 2/&:*$-.! 2,/$%.'$/! 5$! k&38&5,/! -,)%! &8,-%! ,0%$/81! )-$! &0,-5&-+$!

/$3&.'8$!5F!"/%&'()*+,-.$% 2&'03$4! .,).!&)! 3,-:!5)! ./&+1!5$!+,33$+.$%?!k)/! 3&!

l':)/$![g4!'3!$%.!7,%%'03$!5F,0%$/8$/!3F&0,-5&-+$!5$%!$%7=+$%!'-8&%'8$%!!"/%

&"12*-+4!!"/% &'()*+,-.$! $.!34/% 5.+65."7&$,+&-.$! 7&/! /&77,/.! &)S!$%7=+$%!

%$38&.'()$%! -&.'8$%! +,**$! 3$%! :$-/$%!F&":&1)1.$! ,)!9&("-="$! 5&-%!

+>&()$!2/&:*$-.!2,/$%.'$/?!

!



 

! [^w!

!

O'P7%#!3I!4!B0,-5&-+$!/$3&.'8$!5$%!$%7=+$%!&-.>/,7'()$%!!"/%&"12*-+4!!"/%&'()*+,-.$!$.!
34/% 5.+65."7&$,+&-.$! $.! 5$%! $%7=+$%! %$38&.'()$%! -&.'8$%! $.! 5)! :$-/$!F&":&1)1.$% $.!
9&(="-"$P!7&/!`,-$!5$!+,33$+.$!$.!5'%.&-+$!;!3&!0,/5)/$?!
 

 

L<J<>!4!D(,.F*#!/#!/'Q#%*')?!D.BZ,]!Wc),!#)!8,$$,<!

@$%!&-&3<%$%!5$!/'Q#%*')?!D.BZ,!).'3'%&-.!+,**$!7&/&*=./$!3$!%,)%Z

:$-/$4! *,-./$-.! ()$! 3$%! '-5'+$%! 5$! 5'8$/%'.1! &):*$-.$-.! 5$! *&-'=/$!

%':-'2'+&.'8$!&8$+!3&!5'%.&-+$!OL&03$&)!wP4!7,)/!e'33!J)*0$/!O(�[4!7Z8&3)$�!

\?\hb^!�P! Ol':)/$![hP?!@$%!&-&3<%$%!5FB37>&!5'8$/%'.1!$-!).'3'%&-.!+,**$!

7&/&*=./$! 3F$%7=+$! -F,-.! /18131! &)+)-$! .$-5&-+$! %':-'2'+&.'8$ O7Z

8&3)$�\?w^_P4! *9*$! %'! &8$+! 3&! 5'%.&-+$4! 3FB37>&! 5'8$/%'.1! &! .$-5&-+$! ;!

&):*$-.$/!OL&03$&)!wP?!

!

!



! [^f!

!

O'P7%#!3J!4!C3,.!5)!*,5$3$!3'-1&'/$!7,)/!3FB37>&!5'8$/%'.1!$%.'*1$!&)!-'8$&)!5)!%,)%Z:$-/$!
&8$+!e'33!-)*0$/!(�[?!
 

 
+,-.#,7! L! 4! *,5=3$! 5$! /1:/$%%',-! 3'-1&'/$! 5$%! '-5'+$%! 5$! 5'8$/%'.1! $-! 2,-+.',-! 5$! 3&!
5'%.&-+$?! A$7m! 8&/'&03$! 517$-5&-.$y! W-5m! 8&/'&03$! '-517$-5&-.$4! �%':-'2'+&.'8$4! ���! ./=%!
%':-'2'+&.'8$?!
!

A$7?!8&/'&03$!! W-5?!8&/'&03$!! T%.'*&.',-! T//$)/!%.&-5&/5?! .!8&3)$!! 7Z8&3)$!!

B37>&!5'8$/%'.1!O%,)%Z:$-/$P!

T%.'*&.$)/! W-.$/+$7.! b?ghvfbb! \?bfg[v! v?_w^! I<I#b3>!hhh!

e'33!J)*0$/!(�[!! A'%.&-+$! \?\\ff^! \?\\gfvf! ^?\gg! N<NJM>!h!

B37>&!5'8$/%'.1!OT%7=+$%P!!

T%.'*&.$)/! W-.$/+$7.! w?bww^f! \?wwvwbw! [\?^_g! J<N>#b3I!hhh!

e'33!J)*0$/!(�[!! A'%.&-+$! \?\\[hg_! \?\\^v[^! \?hvg! \?w^_!

!

!

@&!8,$$,! /'Q#%*')?! 7,)/! 3$! %,)%Z:$-/$! &! *,-./1! 5F'*7,/.&-.$%!

8&/'&.',-%!$-!2,-+.',-!5$%!5'221/$-.%!%'.$%!5$!+,33$+.$%?!C,)/!e'33!-)*0$/%!

(�[4! 3$%!`,-$%!5$!+,33$+.$%!,-.!7/1%$-.1!5$%!8&3$)/%!%)'8&-.$%!7&/!,/5/$!

+/,'%%&-.m!kB!Oh?bw[P!�!kT!Oh?vw[P!�!Ee!Of?whgP!�!D#!Of?fwfP!�!YB!Ob?gv_P!

�!Vj!Ov?[_bP!�!AY!O[\?fhgP!�!YI!O[\?b^gP!�!IB!O[\?b^hP!�!kW!O[g?vh^P?!

B'-%'4!3&!5'8$/%'.1!/1:',-&3$!5)!2/&:*$-.!2,/$%.'$/!5$!k'*,-1%'&!&)!-'8$&)!

%,)%Z:$-/$!$%.!^4b!2,'%!73)%!2,/.$!()$!+$33$!5)2/&:*$-.!2,/$%.'$/!;!k&38&5,/?!



 

! [^b!

@&!V&**&!5'8$/%'.1! &)!-'8$&)! %,)%Z:$-/$!5)!E/1%'3! &! 1.1! 5$![f?\w?! @&!

V&**&! 5'8$/%'.1! 7&/! $%7=+$! &! &)%%'! 8&/'1! $-./$! 3$%! 5'221/$-.%! %'.$%! 5$!

+,33$+.$?!J,)%!&8,-%!,0%$/81!()$!3$!e'33!-)*0$/!(�[!&!&):)*$-.1!5$!3&!

2&i,-!%)'8&-.$!m!kB!Oh?ggfP!�!D#!Ow?h^gP!�Ee!Ov?hg[P!�!IB!Ov?v[gP!�!YB!

O[\?hh^P!�!kT!O[[?_ghP!�!Vj!O[[?fw[P!�!YI!O[^?\__P!�!AY!O[^?wbbP!�!kW!

O[_?_^wP4!&)!-'8$&)!5)!E/1%'3!3F$%.'*&.$)/!&!1.1!5$!^g?wf?!@$%!51.&'3%!5$!3&!

5'8$/%'.1!:&**&!%,-.!51+/'.%!5&-%!3$!.&03$&)!f?!

!

!

!

+,-.#,7! C! 4! A1.&'3%! 5$! 3&! 5'8$/%'.1! V&**&! 7&/! $%.'*1$! &)S! -'8$&)S! %,)%Z:$-/$%! ,)!
$%7=+$%!7,)/!3$!-,*0/$!$22$+.'2!Oe'33!J)*0$/!(�[P?!@,+&3'.<!m!2/&:*$-.!2,/$%.'$/!yj0%$/8?!m!
5'8$/%'.1! ,0%$/81$! y! T%.'*?! m! 5'8$/%'.1! $%.'*1! y! %?$! m! $//$)/! %.&-5&/5! &8$+! '-.$/8&33$! 5$!
+,-2'&-+$!;!v_x4!&8$+!3'*'.$!'-21/'$)/$!O@I@P!$.!%)71/'$)/$!OXI@P?!

!

e'..(7$-#%!^d3! H6&,.')?! 9-*#%Q<! @*)'$<! *<#! HUH! TUH!

Y67*bP#(%#!

k&38&5,/! h?g_[! h?bw[! \?b\g! h?g_[! w?hgh!

k$//&! h?w[v! h?vw[! \?hwb! h?w[v! _?bff!

Eec! f?[g^! f?whg! \?f\g! f?[g^! v?\^[!

D',!5$!#&-$'/,! f?^wf! f?fwf! \?w^w! f?^wf! b?vvh!

Y&-&)%! b?^fg! b?gv_! \?^v[! b?^fg! b?vw_!

V,'&-'&! b?b_b! v?[_b! \?h[b! b?b_b! v?vfb!

A,*'-:,%!Y&/.'-%! v?^[f! [\?fhg! [?^[g! v?^[f! [g?[^!

I&%$*'/,!5$!B0/$)! [\?\\g! [\?b^h! \?bgb! [\?\\g! [^?hwf!

Y&/'+&! [\?gw[! [\?b^g! \?_vb! [\?gw[! [[?vvw!

k'*,-$%'&! [^?__^! [g?vh^! [?g_^! [^?__^! [w?_v^!

@*B1&#!

k&38&5,/! g?v[f! h?ggf! \?wv_! g?v[f! _?wvv!

D',!5$!#&-$'/,! _?fgw! w?h^g! \?f[f! _?fgw! f?bg!

Eec! b?w__! v?hg[! \?b^_! b?w__! [[?\hb!

I&%$*'/,!5$!B0/$)! b?f[f! v?v[g! [?^gh! b?f[f! [^?gg^!

Y&-&)%! [\?^hv! [\?hh^! \?gb[! [\?^hv! [[?[bv!

k$//&! b?\g! [[?_gh! g?\_v! b?\g! [f?_g!

V,'&-'&! [\?bw^! [[?fw[! \?b[b! [\?bw^! [g?gwh!

Y&/'+&! [[?\gw! [^?\__! [?\hh! [[?\gw! [h?[\[!

A,*'-:,%!Y&/.'-%! [\?w[b! [^?wbb! [?ww[! [\?w[b! [_?vhg!

k'*,-$%'&! [g?fvh! [_?_^w! [?h^_! [g?fvh! [b?g[v!

!

!

!



! [^v!

@$%!+&3+)3%!5$!3&!Wc),!/'Q#%*')?!7$/*$..$-.!5F,0%$/8$/!3&!5'221/$-+$!

5$%!+,*7,%'.',-%!$-!$%7=+$%!$-./$!+>&()$! 2/&:*$-.! 2,/$%.'$/?!�)&-5! 3&!

5'8$/%'.1! E9.&! $%.! 13$81$4! '3! <! &! )-$! *,5'2'+&.',-! 5$! +,**)-&).1! 5$!

*,)%.'()$?!B'-%'!5&-%!3$%!0,/5)/$%!5$%!2,/9.%!3$%!5'221/$-.$%!+,**)-&).1%!

,-.!8&/'1!5$!)-$!;!./,'%4!+,**$!51+/'.!5&-%!3$!L&03$&)!b?!

!

+,-.#,7!M!4!@$%!51.&'3%!5$!3&!5'8$/%'.1!V&**&4!B37>&!/1:',-&3$!$.!E9.&!7&/!$%7=+$%!,)!
%,)%Z:$-/$%4!$.!`,-$!5$!+,33$+.$4!%$3,-!#,%.!^\\f?!
 

U.,**';'&,)'6(! H6&,.')?! 8,$$,!/'Q#%*')?! D.BZ,!%?P'6(,.#! Wc),!/'Q#%*')?!

Y67*bP#(%#!

k&38&5,/! h?bw[! g?[fbg_f! [?_^vh\w_hw!

k$//&! h?vw[! g?b^gh[b! [?^vf_g\[[w!

Eec! f?whg! _?_bgg_! [?gwbbv[hgw!

D',!5$!#&-$'/,! f?fwf! _?wwg_vv! [?gf[gbvhw_!

Y&-&)%! b?gv_! w?bv^fvh! [?^[fvgbw[b!

V,'&-'&! v?[_b! v?[_^vhw! [?\\\__^[f^!

A,*'-:,%!Y&/.'-%! [\?fhg! b?_bb\_g! [?^_\v^gb[^!

Y&/'+&! [\?b^g! f?bh\\bv! [?gb\hwv\^g!

I&%$*'/,!5$!B0/$)! [\?b^h! f?vfgvf_! [?g_fh[_bhg!

k'*,-$%'&! [g?vh^! v?\hhw_f! [?_h[hw^_h_!

+6),.! E/1%'3! [f?\w! w?h[ggvw! ^?ww\\_f[wb!

@*B1&#!

k&38&5,/! h?ggf! ^?_bhbwg! [?wffbh_^\v!

D',!5$!#&-$'/,! w?h^g! g?vg_^f[! [?wg^[w^\_h!

Eec! v?hg[! w?gh[ghb! [?hbf^^g^^[!

I&%$*'/,!5$!B0/$)! v?v[g! w?[w^_[g! [?w\b_vf\[^!

Y&-&)%! [\?hh^! b?__whw! [?^^\gwhhvf!

k$//&! [[?_gh! _?g[f^gv! ^?[wv[f\bb!

V,'&-'&! [[?fw[! b?fwgb\h! [?gh[vvf[_[!

Y&/'+&! [^?\__! f?fwhfhw! [?__^_^vb_f!

A,*'-:,%!Y&/.'-%! [^?wbb! v?hfbb_w! [?ggb__b[__!

k'*,-$%'&! [_?_^w! v?g^gbg_! [?ww_[vhwgg!

+6),.! E/1%'3! ^g?ww_! w?gw^b^v! g?f[v^_f_b^!

 

 

 

 

!



 

! [g\!

@F&-&3<%$! 5$! 3F$-8'/,--$*$-.4! $-! &%%,+'&-.! 3$%! e'33! J)*0$/%! (�[!

&8$+!3$!JAGW!*'-'*&34!*&S'*&34!3&!+,)8$/.)/$!2,/$%.'=/$4!3$%!̀ ,-$%!)/0&'-$%!

$.! 3$%! `,-$%! &:/'+,3$%! -F&! /18$31! &)+)-$! /$3&.',-! %':-'2'+&.'8$! $-./$! +$%!

7&/&*=./$%!$-8'/,--$*$-.&)S!$.!3FB37>&4!E9.&4!,)!3&!V&**&!5'8$/%'.14!$-!

+,-%'51/&-.!3&!+3&%%'2'+&.',-!7&/!$%7=+$!,)!7&/!%,)%Z:$-/$?!

!

L<J<J!D(,.F*#*!/#!Wc),!S'Q#%*')?<!

C,)/! *'$)S! +,*7/$-5/$! 3$%! 8&/'&.',-%! 5$! 3&! +,*7,%'.',-! 5$%!

$%7=+$%! 5&-%! +>&()$! 2/&:*$-.! 2,/$%.'$/4! -,)%! &8,-%! &-&3<%1! 3&! E9.&!

5'8$/%'.1! OEAP!&'-%'!()$! 3&!+,-./'0).',-!5$!+>&()$!5'%.&-+$!;! 3&!5'8$/%'.1!

E9.&!O@IEAP!$.!3&!+,-./'0).',-!5$!+>&()$!$%7=+$!;!3&!5'8$/%'.1!E9.&!OkIEAP!

&8$+!3&!5$)S'$*$!&77/,+>$!0&%1$!%)/!3$%!./&8&)S!5$!@$:$-5/$!$.!I&/+$/$%4!

^\[g?!

B8$+!+$..$!&77/,+>$!3&!5'8$/%'.1!E9.&4!+F$%.!;!5'/$!3&!8&/'&.',-!5$!3&!

+,*7,%'.',-!5$%!$%7=+$%!5$!+>&()$!2/&:*$-.4!&!1.1!$-!,/5/$!51+/,'%%&-.!m!

kB! \?gg\f\hw!�!YB!\?^whw\^w!�!kT! \?^g_[fgb!�!Vj!\?^\ffwvf!�!kW!

\?[b_[_^f! �! AY! \?[wg_hfw! �! IB! \?[^fg[! �! D#! \?\vg[\hg[�! Ee!

\?\_bb_bgw!�!YI!\?\_h_w\f[?!

B8$+!+$..$!&77/,+>$4!'3!&!1.1!7,%%'03$!5$!512'-'/!()$!+>&()$!5'%.&-+$!

5&-%!3$!2/&:*$-.!2,/$%.'$/!&!+,-./'0)1!;!3&!8&/'&.',-!5$!3&!+,*7,%'.',-!5$%!

$%7=+$%!5&-%!+>&()$!2/&:*$-.!2,/$%.'$/?!B'-%'!-,)%!&8,-%!,0%$/81!()$!3$!

@IEA!;!D',!5$!#&-$'/,!;!\!*!O\?[_\gP!$.!^\\!*!O\?gf^wP!,-.!+,-./'0)1!5$!

2&i,-!73)%!$()'3'0/1$!;!3&!8&/'&.',-!5$!3&!5'8$/%'.1!E9.&4!*&'%!3&!5'%.&-+$!()'!

+,-./'0)$! 3$!73)%!;!+$..$!8&/'&.',-!&!1.1!;!g\\!*!O\?_b\_P?!B!Y&-&)%!&)!

+,-./&'/$4! 3&! 5'%.&-+$! 5$! \!*! &! 3$! 73)%! +,-./'0)1! ;! +$..$! 8&/'&.',-! 5$! 3&!

+,*7,%'.',-!5$%!$%7=+$%?!I$33$%Z+'!,-.! 3$!73)%!+>&-:1!;!\*?!X-$!>&).$!



! [g[!

+,-./'0).',-! 5$! \*! ;! @IAE! &! 1.1! ,0%$81$! ;! Y&/'+&! O\?hhbfP4! k$//&!

O\?_f_wP4! k'*,-1%'&! O\?hb_hP4! V,'&-'&! O\?^fb_P! $.! I&%'*'/,! 5$! B0/$)!

O\?wgwfP?!

J,)%! &8,-%! &)%%'! +,-%.&.1! ()$! +>&()$! 5'%.&-+$! 5&-%! +>&()$!

2/&:*$-.! 2,/$%.'$/4! &! +,-./'0)1! 73)%! ,)! *,'-%! ;! 3&! 8&/'&.',-! 5$! 3&!

+,**)-&).1!5$!*,)%.'()$%!OL&03$&)!vP?!!

!

+,-.#,7!=!4!D1%)3.&.%!5$!@IEA!7&/!2/&:*$-.!2,/$%.'$/!;!3&!E9.&!5'8$/%'.1?!
!

S'*),(&#! We! UD! S0! 89! 0D! 0U! "X! YD! Y@! Y5!

N! \?^h\\! \?wgwf! \?^gvg! \?^fb_! \?h_v_! \?hhbf! \?[_\g! \?[g\f! \?_f_w! \?hb_h!

3NN! \?^\wb! \?\bb_! \?[g^w! \?^\wv! \?\h_v! \?[^h[! \?\_vb! \?gf[v! \?^^bg! \?[\bf!

>NN! \?g^vf! \?[[b[! \?h\f^! \?\bbh! \?\f[f! \?[hww! \?[_\\! \?gf^w! \?[gvb! \?[bf^!

INN! \?^^g_! \?[_wf! \?^^[\! \?\v_b! \?[\hg! \?^b\w! \?_b\_! \?[^hb! \?\_wg! \?^[bf!

JNN! JB! JB! JB! \?[__g! \?[^^^! JB! \?\_vg! JB! JB! JB!

KNN! JB! JB! JB! \?[f_[! \?[vwh! JB! JB! JB! JB! JB!

!

A&-%! 3$! .&03$&)![\4!-,)%!7,)8,-%!+,-%.&.$/! 3&!7Z8&3)$!5$!+>&()$!

5'%.&-+$!;!3&!EA4!&'-%'!;!\!*!3&!+,-./'0).',-!&!1.1!%':-'2'+&.'8$!;!3&!8&/'&.',-!

5$! 3&! 5'8$/%'.1! ;! IB! O\?\\[P4! Vj! O\?\\fP4! YB! O\?\\^P4! YI! O\?\g^P4! kT!

O\?\[^P4!kW!O\?\\hP?!A&-%!3$%!&)./$%!2/&:*$-.%4!+$%!5'%.&-+$%!,-.!+,-./'0)1!

5$!2&i,-!73)%!>,*,:=-$?!W3!2&).!-,.$/4!3&!+,-./'0).',-!;!EA!5$!3&!5'%.&-+$!

5$!^\\!$.!g\\*!;!A,*'-:,%!Y&/.'-%!O\?\\^P!$.!D',!5$!#&-$'/,!O\?\\^P?!

!

!

!

!

!

!



 

! [g^!

+,-.#,7!3N!4!7Z8&3)$!5$!3&!+,-./'0)'.',-!5$!+>&()$!5'%.&-+$!7&/!2/&:*$-.!2,/$%.'$/!;!3&!E9.&!
5'8$/%'.1?!
!

S'*),(&#! We! UD! S0! 89! 0D! 0U! "X! YD! Y@! Y5!

N! \?hvg! \?\\[! \?_v_! \?\\f! \?\\^! \?\g^! \?h_w! \?bhg! \?\[^! \?\\h!

3NN! \?w[g! \?vbf! \?vv_! \?[b^! \?vvh! \?bfh! \?b\v! \?[_f! \?__g! \?v_^!

>NN! \?^g! \?v^v! \?\\^! \?vvg! \?v^h! \?b\h! \?h[b! \?[f! \?fgw! \?fhv!

INN! \?_h[! \?fwv! \?wb_! \?vf_! \?f^g! \?gb^! \?\^^! \?bgh! \?vvh! \?w^!

JNN! JB! JB! JB! \?_w_! \?w\v! JB! \?bg! JB! JB! JB!

KNN! JB! JB! JB! \?gb^! \?g[[! JB! JB! JB! JB! JB!

!

L<J<K!4!5$B,&)!/#!.,!B%?*#(&#!/_!"#"$%&'()*+,-.$%*7%!.,!/'Q#%*')?!Wc),<!

!

!"#"$% &'()*+,-.$! &! 1.1! 3&! %$)3$! $%7=+$! 7/1%$-.$! 5&-%! .,)%! 3$%!

2/&:*$-.%!2,/$%.'$/%!1.)5'1%?!T-!+$!()'!+,-+$/-$!3&!+,-./'0).',-!5$!+>&()$!

$%7=+$!;!3&!5'8$/%'.1!E$.&4!-,)%!&8,-%!,0%$/81!()$!+$!*,)%.'()$!&!73)%!

+,-./'0)1!;!3&!8&/'&.',-!5$!3&!+,*7,%'.',-!5$%!$%7=+$%!O3&!E9.&!5'8$/%'.1P!;!

YB! \?^^g�!Ee! \?[bg�!kB! \?[b[�!kW! \?\v^�!AY!\?\bg�! \?\wh!D#�!IB!

\?\_h�!YI!\?\h^�!kT!\?\[b�!Vj!\?\[f?!

T-./$!&)./$%!$%7=+$%!7/1%$-.$%!5&-%! 3$%!5'221/$-.$%!0,/5)/$%!5$%!

2/&:*$-.!2,/$%.'$/%4!,-!./,)8$!m!F&":&1)1.$%'".,),"'"6.$!()'!&!+,-./'0)1!

;!3&!E9.&!5'8$/%'.1!;!YI!$.!Ee!$.!9&(="-"$%&'(+*>+C.$!;!Ee!$.!I&%'*'/,!5$!

B0/$)?!

!

!

!

!

!

!



! [gg!

+,-.#,7!33!4!D1%)3.&.%!5$!kIEA!7&/!0,/5)/$!5$%!2/&:*$-.%!2,/$%.'$/%?!
!

!

@*B1&#! We! UD! S0! 89! 0D! 0U! "X! YD! Y@! Y5!

!"#")>?+&%$B.&>*"66+$%% \?\\\\! \?\\\\! \?\\\\! \?[bgg! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

!"#"$%&"1?*-+% \?[\_f! \?\\\\! \?\\\\! \?\[^b! \?\\\\! \?\[\^! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

!"#"$%&'()*+,-.$% \?[bg\! \?\_h_! \?\bgg! \?\[f\! \?^^g[! \?\h^g! \?\wh^! \?[b[f! \?\[b_! \?\v^w!

!"#"$%&51?5)-2)5&E%% \?\\\\! \?\\\\! \?\_ww! \?\\\\! \?\\\\! \?\\b^! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

!"#"$%;'.8+&-+'+$%%% \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\b! \?\\\\! \?\\h[! \?\\\\! \?\\\\! \?\\\\!

!"#"$%;.'8+-2)5&E% \?\gv\! \?\[v[! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

!"#"$%$,&*.'&5+$%%% \?\^^\! \?^wbv! \?\g[h! \?\\w[! \?\\\\! \?[g\b! \?\\h[! \?\gff! \?[v_[! \?[g^[!

!"#"$%$"55&-.$% \?\\\\! \?\\\\! \?^\bg! \?\\g^! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

!"#"$%-&"6+)52?6,2.$% \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\w^^! \?\\\\! \?\\\\! \?\[gb! \?\\\\!

!"#"$%-"55"6$%%%% \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\h[! \?\\\\! \?\\\\! \?\gfh!

J)B.+''"--+#+&%&'(+,)$-&%% \?\\\\! \?\\\\! \?\\\\! \?\[wh! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\^f\!

J)B.+''"--+#+&%2"5>&6)+% \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\[\_! \?\\\\!

J)B.+''"--+#+&%K.$-&>&6$)6+&%% \?\\\\! \?\\\\! \?\_ww! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\b^! \?\\\\!

J)B.+''"--+#+&%6+15+,&6$% \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\wg^! \?\\\\!

J)B.+''"--+#+&%$2&66)6+%% \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\^_v! \?\\\\!

J)B.+''"--+#+&%8"6"L."'"6$+$%% \?\\\\! \?\\\\! \?\\\\! \?\^f[! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\^[v!

J.'"E%#",'&5&-)5%% \?\\\\! \?\\\\! \?\\\\! \?\\g^! \?\\\\! \?\[wh! \?\\\\! \?\\\\! \?\^_h! \?\\\\!

J.'"E%,)5)6&-)5%% \?\^bf! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\h[! \?\\\\! \?\\\\! \?\\\\!

J.'"E%#)')$.$%% \?\\\\! \?\\\\! \?\\\\! \?\[v_! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

J.'"E%"55&-+,.$% \?\\\\! \?\\\\! \?\\\\! \?\vg\! \?[bwg! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

J.'"E%+#)--.$% \?\\\\! \?\\\\! \?\\\\! \?^[ww! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

J.'"E%>)''+$%%%% \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?^[hw! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

J.'"E%6+15+*&'*.$%% \?\\\\! \?\\\\! \?\f[b! \?[_fb! \?\[b\! \?[^gh! \?\fwf! \?\\\\! \?\^_v! \?\\\\!

J.'"E%*+')$.$% \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?[^_h! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

J.'"E%B.+6B.";&$,+&-.$%% \?\^bf! \?\\\\! \?\\\\! \?\vbg! \?\\hb! \?\\\\! \?whfv! \?\\\\! \?\hg^! \?\\\\!

G&">&1)1.$%K&6-2+6)>?$%%%%%%%% \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\[[f! \?\\\\! \?\\\\! \?\\\\! \?\[wb!

!

!

!

!

!

!

!

!

!



 

! [gh!

+,-.#,7!33!4!Ok)'.$P!

@*B1&#! We! UD! S0! 89! 0D! 0U! "X! YD! Y@! Y5!

G&">&1)1.$%'".,),"'&"6.$%% \?[^hw! \?[[[^! \?\www! \?\^vf! \?\\gb! \?^gvh! \?\hv[! \?\\\\! \?\\\\! \?\[g[!

O+>&-.$%#.52&>++%% \?^[v_! \?^gv_! \?\[gb! \?\hwf! \?\[f_! \?^hg[! \?[[gh! \?ggh^! \?\\\\! \?^wvb!

M&6$)6+&%+6#.(+-&6$%% \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?hhv^! \?\\\\!

M&6$)6+&%-+-+'&6$%% \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?[^[\! \?\\\\!

I,2'"5)-&-.$%,)6#)'"6,"$%% \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\[\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

I5-2)*)#)>?&%;&$,+*"$% \?\\\\! \?\\\\! \?\\\\! \?\_vh! \?\\hf! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

D$)5)*2)5&%&'(+*"$%% \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?[g[g! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

D$)5)*2)5&%;"5)E% \?[\v^! \?\\\\! \?\_ww! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\_^^!

D$)5)*2)5&%'.-L+%%% \?\\\\! \?\\\\! \?\www! \?\\\\! \?\[gf! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

9.6,2)>?+&%;5)6-)$&% \?\\\\! \?\hvg! \?\\\\! \?\\\\! \?\\\\! \?\[^\! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

9.6,2)>?+&%2.>()'#-+%% \?\\\\! \?\\\\! \?\h\^! \?\\\\! \?\\\\! \?\[fh! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

C&("-2"$%+#"6-+,.$%% \?\\\\! \?\^fg! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

C&("-2"$%*"-5),,2+&"% \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?[_gh!

C&("-2"$%&'(+*5+8.$%%%% \?\\wv! \?\^fg! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\gvw!

C&("-2"$%("'+$&5+)+%%% \?\\\\! \?\\\\! \?\\\\! \?\\g^! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

C&("-2"$%,2')5)*-"5.$%% \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\b^! \?\\\\! \?\\\\! \?\\\\! \?\[wb!

C&("-2"$%+6-"5>"#+.$% \?\\\\! \?\\\\! \?\\\\! \?\\g^! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

C&("-2"$%B.&$+,?&6".$%%% \?\\\\! \?\\\\! \?\\\\! \?\\g^! \?\[gw! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\[gv!

C&("-2"$%H2+->&6+%% \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\[[^!

=5+,2)*5)$)*)6%,)>*5"$$.>% \?\\\\! \?[\bf! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

=5+,2)*5)$)*)6%#+1+-&-.>% \?\\\\! \?\^fg! \?\\\\! \?\\\\! \?\^fh! \?\\fb! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

Q5&6)-&"6+&%,&')$)>&-&%%% \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\hg! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

R?")>?+&%&*)5)6)>&% \?\\\\! \?\[bf! \?\\\\! \?\\\\! \?\\bf! \?\\\\! \?\\h[! \?\\\\! \?\\\\! \?\^^g!

R?")>?+&%,)6;.$&%% \?\\\\! \?\gwv! \?\fb[! \?\\\\! \?\\\\! \?\[^[! \?\\b^! \?\\\\! \?\\\\! \?\[vg!

R?")>?+&%;)5,+*"6+$% \?\\\\! \?\\\\! \?\w[\! \?\\\\! \?\\\\! \?\^fv! \?\\\\! \?\\\\! \?\\\\! \?\\\\!

R?")>?+&%>"#+&'(+*"$% \?[g^f! \?\[[g! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\^w[! \?\\\\! \?\^h^!

R?")>?+&%>"'&6),"*2&'&%% \?\\\\! \?\\\\! \?\\\\! \?\\\\! \?\\[\! \?\\\\! \?\\\\! \?h^\h! \?\\\\! \?\\fg!

R?")>?+&%>?$-"$% \?\\\\! \?\\\\! \?[\v[! \?\\\\! \?\\\\! \?\^wb! \?\\\\! \?\\\\! \?\\\\! \?\^v^!

!

L<K!4!U6(&.7*'6(<!

A&-%! +$! +>&7'./$! -,)%! &8,-%! ,0%$/81! ()$! %)/! 3F$-%$*03$! 5$%!
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7/1+$5$**$-.!51+/'.$!5&-%! 3&!+,**)-&).1!5$!*,)%.'()$%!5$!5'221/$-.%!
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5'%.&-+$! ;! 3FF'-.$/2&+$! $-8'/,--$*$-.! >)*&'-a2,/9.4! -F&! 7&%! 1.1! 7/'%$! $-!
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A&-%!3&!7/1%$-.$!1.)5$!-,)%!&8,-%!7/'%!$-!+,*7.$!+$..$!'-.$/2&+$!$.!
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+,**)-&).1%! 5$%! *,)%.'()$%! $.! 3$%! +<+3$%! %$38&.'()$%! 5$%! 5'221/$-.%!

7&.>,:=-$%?!T-!73)%4!+$%!0,/5)/$%!5$! 2,/9.%!:&/5$-.!)-$!7/,S'*'.1!&8$+!
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+31%! 7,)/! +,*7/$-5/$! 3&! ./&-%*'%%',-! 5$! 3&!*&3&5'$! 7&/! 3$%!*,)%.'()$%!

OE/,{-!$.!&3?!^\\b4!D$'%$-!^\[\4!I>&8$%!$.!&3?!^\[[P?!



 

! [gw!
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7/,7/$! 5$! +>&+)-$! 5$%! 0,/5)/$%! 1.)5'1$%?! C&/! +,-./$4! -,)%! &8,-%! 7)!
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;!\*4!R)%()F;!g\\!$.!_\\!;!3F'-.$/'$)/!5$%!2,/9.%?!

T-!:1-1/&34!-,)%!&8,-%!,0%$/81!()$!3&!5'8$/%'.1!B37>&!$%.!*,5)31$!

7&/! 3&!5'%.&-+$4!$33$!&):*$-.$!()&-5!,-!71-=./$!$-! 2,/9.4!&'-%'4!73)%!,-!

71-=./$!;!3F'-.$/'$)/!5$!3&!2,/9.4!73)%!:/&-5$!$%.!3&!5'8$/%'.1!5$%!*,)%.'()$%?!

J,)%!&8,-%!1:&3$*$-.!,0%$/81!()$!5&-%!+$%!5'221/$-.$%!0,/5)/$%4!+>&()$!

5'%.&-+$!+,-./'0)$!5$! 2&i,-!5'221/$-.$!&)!+>&-:$*$-.!5$! 3&!+,*7,%'.',-!

5$%!$%7=+$%!OE$.&!5'8$/%'.1P?!

T-!:1-1/&34!-,)%!&8,-%!7)!+,-%.&.$/!()$!3&!0,/5)/$!'**15'&.$!O\*P!

$%.!3&!o!3,+&3'.1!q!()'!+,-./'0)$!3$!73)%!&)!+>&-:$*$-.!5$!3&!+,*7,%'.',-!5$!

3F$%7=+$?!I$! /1%)3.&.! $%.! +,>1/$-.! +&/! +$..$! 5'%.&-+$!*&/()$! 3&! `,-$!5$!

./&-%'.',-!$-./$!5$)S!7&<%&:$%!)/0&'-a2,/9.!O3F1+,.,-$P?!J,)%!&8,-%!,0%$/81!
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7,)/!3F$-%$*03$!5)!E/1%'3!O.,)%!3$%!%'.$%!+,-%'51/1%!$-%$*03$P?!
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E',Y&/tLY4!l3)'5':*P?!@&!*1.>,5$!7$/*$.!5$!/1&3'%$/!5$%!CID!$-!.$*7%!
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@$)/! %$-%'0'3'.1! $.! 3$)/! %71+'2'+'.1! ,-.! 1.1! 8&3'51$%! ;! 3F&'5$! 5FBDJ! 5$!
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O,$'..#! 8#(%#! R6$!/7!['%7*! R-!/#!P?(6)FB#*!&'-.?*!

W7(F,Q'%'/,#! D.62&C+>.$%

I&+>$!G&33$<!! [!
V)&*&!! _!
I&3'2,/-'&!T-+$7>&3'.'%! ^!
V)&/,&! g!
#&*$%.,{-!+&-<,-! [!
d$<%.,-$! [!
@&!I/,%%$! b!
j/,7)+>$! [!
k-,{!%>,$!>&/$! [!
L&+&')*&! [!
L/'8'.&.)%! [!
B7$)! [!
D$%.&-! [!
Y)/).)+)! [!
j/'0,+&! [!
J$7)<,! [!
I&/&7&/)! ^!
W.&()'! [!

O.,Q'Q'%'/,#! B'&C+C+>.$%

A$-:)$! h!
k&'-.!@,)'%! [!
l'$8/$!#&)-$! _!
W3>$)%! [!
D,+',! [!
u$%.!J'3$! b!
c't&!! h!

"Z,-/6Q'%'/,#! N"$+,.')C+>.$% #)/,-&! [!

+6P,Q'%'/,#! !'*=&C+>.$%

E)%%)()&/&!8'/)%! [!
I>'t)-:)-<&! _!
T-+$7>&3'.$%!1()'-$!5$!3FT%.! ^!
T-+$7>&3'.$%!1()'-$!5$!3Fj)$%.! ^!
T-+$7>&3'.$%!1()'-$!5)!G1-1`)$3&! [g!
Y&<&/,! ^!
X-&! h!
k'-5'%! w!

!

C<J!4!"?*7.),)*<!

k)/!3&!.,.&3'.1!5$%!*,)%.'()$%!+,33$+.1%4![[!gfg!,-.!1.1!/$:/,)71%!$-!

[!wwf!7,,3%!5$![!;!g\!%71+'*$-%!7,)/!3&!/1&3'%&.',-!5)!+/'03&:$!5$!8'/)%!;!

3F&'5$! 5$! 3&! 7)+$! 23)'5':*?! C,)/! 3$%! +,33$+.$%! 5$! ^\[_! $.! ^\[w4! f! \f_!

*,)%.'()$%!,-.!1.1!&-&3<%1%!$-!w\[!7,,3%4!&3,/%!()$!7,)/!3$%!+,33$+.$%!5$!

^\[f! +$! %,-.! h! ^vb!*,)%.'()$%! ()'! ,-.! 1.1! &-&3<%1%! $-! [! \ww! 3,.%! O+2!

B--$S$! b! 7,)/! 3&! /17&/.'.',-! :1,:/&7>'()$! 5$%! 3,.%P?! @$%! /1%)3.&.%! 5)!



 

! [h^!

+/'03&:$!8'/&3!%,-.!7/1%$-.1%!5&-%!3$!L&03$&)![g?!B)+)-$!51.$+.',-!8'/&3$!

-F&!1.1!+$7$-5&-.!1.1!+,-2'/*1$?!

+,-.#,7! 3I! 4! @,.%! 51.$+.1%! 7,%'.'2%! &8$+! 3F&-&3<%$! 7&/! 3&! C)+$! l3)'5:*?! @$%! 3,.%! %,-.!
+3&%%1%!7&/!$%7=+$%4!`,-$%!5$!+,33$+.$!Oc,-$P4!-,*0/$!5$!7,,3%!.$%.1%!OJCL!4!-,*0/$!5$!
7,,3%! 7,%'.'2%! OJCCP4! -,*0/$! 56'-5'8'5)%! 7&/! 7,,3! &-&3<%1%! 7,%'.'2%! OJWCCP4! 7&/! 8'/)%!
51.$+.1%4!'5$-.'2'+&.',-!OG'/)%P4!$.!7&/!%.&.).!5$!+,-2'/*&.',-!!5$!3F'-2$+.',-!8'/&3$!OI,-2P?!
 

@*B1&#! f6(#! R2+! R22! R522! ['%7*! U6(;!

!"#"$%&'()*+,-.$% k'*,-1%'&! [w! ^!
_! ATJG![! J,-!
^! ATJG![! J,-!

!"#"$%$,&*.'&5+$%

I&%'*'/,!5$!B0/$)! gg! ^!
h! ATJG![! J,-!
[\! ATJG![! J,-!

Y&/'+&! w^! ^!
_! ATJG![! J,-!
[\! ATJG![! J,-!
h! ATJG![! J,-!

k$//&! hb! [! [\! uJG! J,-!.$%.1!

!"#"$%-&"6+)52?6,2.$% Y&/'+&! [hh! ^!
[\! ATJG![! J,-!
[! ATJG![! J,-!

J)B.+''"--+#+&%8"6"L."'"6$+$% k'*,-1%'&! g! [! ^! uJJ! J,-!.$%.1!
J.'"E%"55&-+,.$% Y&-&)%! [w\! [! g\! IeWdG! J,-!

J.'"E%6+15+*&'*.$%
Y&/'+&! ^v! g!

w! ATJG![! J,-!
_! ATJG![! J,-!
g! ATJG![! J,-!

D',!5$!#&-$'/,! wf! [! g\! LGLG! J,-!
J.'"E%$*/% Y&/'+&! ^^! [! [! ATJG![! J,-!

G&">&1)1.$%K&6-2+6)>?$%
Y&/'+&! [! [! [! ATJG![! J,-!

k'*,-1%'&! ^! [! ^! ATJG![! J,-!

G&">&1)1.$%'".,),"'&"6.$%

Y&/'+&! _b! g!
\! ATJG![! J,-!
h! ATJG![! J,-!
[\! ATJG![! J,-!.$%.1!

k'*,-1%'&! ^w! [!
^! ATJG![! J,-!
^! ATJG![! J,-!

O+>&--.$%#.52&>++% Y&/'+&! [v! ^!
^! ATJG![! J,-!
_! ATJG![! J,-!

9.6,2)>?+&%2.>()'#-+% Y&/'+&! g! [! [! uJG! J,-!.$%.1!

C&("-2"$%&'(+*5+8.$%
E$3,!e,/'`,-.$! gh! [! [! XJB!^! J,-!.$%.1!
k'*,-1%'&! hf! [! ^! ATJG![! J,-!

R?")>?+&%$*'"6#+#&% D',!5$!#&-$'/,! ^b! [! [! uJG! J,-!

 

 

C<K!4!U6(&.7*'6(<!

k)/! [! wwf! 3,.%! 5$! *,)%.'()$%! &-&3<%1%4! /$7/1%$-.&-.! [[! gfg!

%71+'*$-%! 5$! _f! $%7=+$%4! 3F,).'3! 5$! +/'03&:$! *'+/,23)'5'()$! &! 7$/*'%! 3&!

51.$+.',-!5$!g\!'-2$+.',-%?!Y&3>$)/$)%$*$-.4!&)+)-$!5F$-./$Z$33$%!-F&!7)!

9./$! +,-2'/*1$! 7&/! �CID! '-5'8'5)$33$! $.! %1()$-i&:$! '-5'()&-.! ()F'3!

%F&:'%%&'.!7/,0&03$*$-.!5$! 2&)SZ7,%'.'2%?!@$!*&-()$!5$!+,-2'/*&.',-!5$%!

'-2$+.',-%!7$).!9./$!5�!&)!2&'.!()$!3$!%<%.=*$!23)'5':*!+,-%.'.)$!)-!%<%.=*$!

73)%!%$-%'03$!()$!3&!�CID!'-5'8'5)$33$?!

T-! $22$.4! &8$+! 5$)S! 1.&7$%! 56&*73'2'+&.',-4! 3$! %<%.=*$! 7&/! 7)+$!

7,)//&'.!9./$!+&7&03$!56&):*$-.$/!3$!-,*0/$!5$!+,7'$%!5$!7$.'.%!2/&:*$-.%!



! [hg!

5)! :1-,*$! 8'/&3?! C&/! &'33$)/%4! $.! *&3:/1! 5$%! .$-.&.'8$%! 5F'%,3$*$-.! $.!

%1()$-i&:$!%)/!3$%!*,)%.'()$%!*'+/,23)'5'()$Z7,%'.'2%!;!Y&-&)%!$.!D',!5$!

#&-$'/,4!&)+)-!8'/)%!-F&!7)!9./$!'%,314!,)!%1()$-+1?!
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! [h_!

UZ,B')%#!M!4!S'*&7**'6(!#)!B#%*B#&)'Q#*!P?(?%,.#*<!

B+.)$33$*$-.4! 7&/*'! 3$%! *&3&5'$%! '-2$+.'$)%$%! 1*$/:$-.$%4! +$33$%!

./&-%*'%$%! 7&/! 3$%! *,)%.'()$%! 2,-.! 36,0R$.! 56)-$! &..$-.',-! 7&/.'+)3'=/$4!

+,**$!3F1*$/:$-+$!5)!8'/)%!c't&!$-!5$>,/%!5$!%,-!&'/$!./&5'.',--$33$!5$!

/17&/.'.',-!:1,:/&7>'()$!$.!3F&77&/'.',-!5$!-,)8$33$%!7&.>,3,:'$%!&%%,+'1$%!

()'!%,-.!5$8$-)$%!)-$!)/:$-+$!5$!%&-.1!7)03'()$!$-!^\[w4!$-!73)%!5$%!

17'51*'$%!5$!+>'t)-:)-<&!$.!5$!5$-:)$!OV)03$/!̂ \\v4!k.&73$%!&-5!l'%+>$/!

^\[h4!e'33%!$.!&3?!^\[f4!C,%%&%!$.!&3?!^\[b&4!C,%%&%!$.!&3?!^\[b0P?!!

T-! 73)%! 5$! +$%! 17'51*'$%4! ()'! ,-.! 7/'%! 5$%! 7/,7,/.',-%! ./=%!

&3&/*&-.$%! $.! ()'! %$! %,-.! *,-5'&3'%1$%4! %$! %)/&R,).$! 3&! +'/+)3&.',-!

%$38&.'()$!,)!/)/&3$!5F&)./$%!&/0,8'/)%!+&7&03$%!5$!7/,8,()$/!3,+&3$*$-.!

5$%!17'51*'$%4!+,**$!3$%!8'/)%!5$!3&!2'=8/$!R&)-$4!*&<&/,4!,/,)7)+>$4!5$%!

$-+17>&3'.$%!1()'-$%!5$!36j)$%.4!5$!36T%.4!5)!G$-$`)$3&4!5$!3&!2'=8/$!5$!3&!

8&331$!5)!D'2.4!$-./$!&)./$%!OI&%%$0!$.!&3?!^\[hP?!I$%!*&3&5'$%!5)$%!;!5$%!

&/0,8'/)%4! 5,-.! +$/.&'-%! 5$*$)/$-.! *1+,--)%4! 7/1%$-.$-.! )-! /'%()$!

561*$/:$-+$! $.! 5$! 5'%7$/%',-! 5&-%! 3$! *,-5$! 5�! ;! 3F>,*,:1-1'%&.',-!

+/,'%%&-.$!5$!+$/.&'-$%!$%7=+$%!5$!*,)%.'()$%!'-8&%'2%!()'!7$)8$-.!7)33)3$/!

&)! 8,'%'-&:$! 5$! +<+3$%! %$38&.'()$%! ,)! /)/&)S! 5$! 8'/)%4! &'-%'! ()$! 3$%!

-,*0/$)S!5173&+$*$-.%!5$%!7$/%,--$%!7$/*$..&-.!3&!/$-+,-./$!5$%!>r.$%!

7,/.$)/%! 5)! 8'/)%! &8$+! 3$! *,)%.'()$! $-! 5'221/$-.$%! /1:',-%! 5)! :3,0$!

Od'37&./'+t!$.!&3?!^\\_4!d'37&./'+t!&-5!D&-5,37>!^\[^P?!

@$%!2&+.$)/%!3,+&)S!()'!+,-5)'%$-.!;!361*$/:$-+$!5$!+$%!&/0,8'/)%!()'!%,-.!

;!36,/':'-$!5$!*&3&5'$%!+>$`!36>,**$4!$.!5$!3$)/%!+,-%1()$-+$%!5&-%!)-!

*,-5$!:3,0&3'%14!%,-.!$-+,/$!*&3!&77/1>$-51%!$.!*&3!+,*7/'%!Od'37&./'+t!

$.! &3?! ^\\_4! d'37&./'+t! &-5! D&-5,37>! ^\[^P?! I,--&s./$! 361+,3,:'$! 5$%!



 

! [hw!

8$+.$)/%! o! 0/'5:$! q4! +$)S! ()'! %,-.! +&7&03$%! 5$! ./&-%21/$/! 5$%! &:$-.%!

7&.>,:=-$%!5$!3$)/!>r.$%!>&0'.)$3%!;!5$%!>r.$%!&3.$/-&.'2%!5,-.! 36>,**$4!

,)!8'+$!8$/%&4!$%.!)-!7/1/$()'%!+/)+'&3!7,)/!+,*7/$-5/$!+$%!2&+.$)/%?!

T-!+$!%$-%4!36&/.'+3$![!5$!+$..$!.>=%$!8'%&'.!;!5,--$/!)-$!512'-'.',-!5$!

+$%!8$+.$)/%!7,-.%4!%&-%!3$%()$3%!,-!7$).!5'22'+'3$*$-.!+,-+$8,'/!3$%!%&).%!

5F$%7=+$%!()F$22$+.)$-.!3$%!8'/)%!$-!&*,-.!5$%!181-$*$-.%!561*$/:$-+$!

5$%!&/0,8'/)%?!

C3)%'$)/%!&).$)/%!,-.!%71+)31!5&-%!3$)/%!./&8&)S!%)/!3$!/'%()$!()F!"/!

&'()*+,-.$! 7)'%%$! +,-%.'.)$/! )-! 8$+.$)/! o! 0/'5:$! q! 7,)/! 5$%! &/0,8'/)%!

5'%.'-+.%4!*&'%! 2'-&3$*$-.! 2,/+$!$%.!5$!+,-%.&.$/!()$!7$)!5$!+>,%$%!%,-.!

$22$+.'8$*$-.! +,--)$%! 7,)/! ()&-.'2'$/! %,-! 7,.$-.'$3! $-! .&-.! ()$! .$3!

Od'37&./'+t!$.!&3?!^\\_4!C&)7<!$.!&3?!^\\v4!B3$-+&/!$.!&3?!^\[gP?!I$!/'%()$!&!

%,)8$-.!1.1!&8&-+1!$-!/&'%,-!5$!3&!73&%.'+'.1!1+,3,:'()$!$.!7><%',3,:'()$!

5$!+$!*,)%.'()$4!$.!$-!7&/.'+)3'$/!5$!%,-!&7.'.)5$!;!$S73,'.$/!5$%!+,33$+.',-%!

5F$&)!-&.)/$33$%!7,)/!3$!518$3,77$*$-.!5$%!%.&5$%!3&/8&'/$%4!%&!+&7&+'.1!;!

7'()$/! )-! 3&/:$! %7$+./$! 5F&-'*&)S! $.! 5,-+! 5$! 7,.$-.'$33$*$-.! 5F'-.$/&:'/!

&8$+!5$%!&-'*&)S!%&)8&:$%!,)!5,*$%.'()$%!7,)8&-.!9./$!5$%!/1%$/8,'/%!

5F&/0,8'/)%! OV)03$/! ^\\g4! C&)7<! $.! &3?! ^\\vP?! B2'-! 5618&3)$/! +$%!

+&/&+.1/'%.'()$%4!-,)%!&8,-%4!5&-%!-,./$!&/.'+3$![4!()&-.'2'1!3&!7/,7$-%',-!

5F!"?!&'()*+,-.$!;!$S73,'.$/!5$%!`,-$%!-&.)/$33$%4!5&-%!%,-!&'/$!5F,/':'-$!$.!

5&-%! 3$%! &'/$%! -,)8$33$*$-.! +,3,-'%1$%?! U! 3F,/':'-$4! 3$%! ./,)%! 5F&/0/$%!

1.&'$-.! 51+/'.%! +,**$! 5$%! %'.$%! 7/121/$-.'$3%! 5$! /$7/,5)+.',-! 7&/*'! 3$%!

:s.$%!3&/8&'/$%!-&.)/$3%!;!+r.1!5F&)./$%!/1+'7'$-.%!-&.)/$3%!+,**$!3$%!./,)%!

5$! 0&*0,)%! $.! %7,/&5'()$*$-.! 3$%! ./,)%! 5$! /,+>$/%! $.! 3$%! &'%%$33$%! 5$!

2$)'33$%!5$!+$/.&'-$%!73&-.$%!$-:&'-&-.$%!Oe&{3$<![vbbP?!A&-%!3F&/.'+3$![4!'3!



! [hf!

&! 1.1! ,0%$/81! ()F$-! 2&'.4! 3$%! +,()$%! 5$! -,'S! 5$! +,+,4! 3$%! 0/,*13'&+1$%!

1.&'$-.!5$%!%'.$%!5$!/$7/,5)+.',-!&)%%'!+,**)-1*$-.!).'3'%1%!()$!3$%!./,)%!

5F&/0/$%4! $.! ()$! 3$%! ./,)%! 5$! /,+>$/%! $.! 3$%! &'%%$33$%! 5$! 2$)'33$%! 1.&'$-.!

2'-&3$*$-.! *,'-%! +,**)-1*$-.! ).'3'%1%?! A&-%! +$! *9*$! &/.'+3$4! -,)%!

51*,-./,-%! 1:&3$*$-.! 3$! +,*7,/.$*$-.! &3'*$-.&'/$! ,77,/.)-'%.$! 5F!"?!

&'()*+,-.$4!$.!%&!7/121/$-+$!*&/()1$!7,)/! 3$%!>)*&'-%4! 3$%!*&**'2=/$%!

5,*$%.'()$%4! %)'8'%! 7&/! 3$%!*&**'2=/$%! %&)8&:$%! $.! 3$%! ,'%$&)S?!A&-%!

3F&/.'+3$! ^4! -,)%! &8,-%! +,-2'/*14! ;! ./&8$/%! 5$%! &-&3<%$%! 5$! *,)%.'()$%!

+,33$+.1%!:,/:1%!5$!%&-:4!+$!7&..$/-!5$!7/121/$-+$%! ./,7>'()$!&)!E/1%'3?!

A'221/$-.$%!/$+>$/+>$%!,-.!+,-2'/*1!+$..$!.$-5&-+$4!&8$+!5$%!$S71/'$-+$%!

5$! +>,'S! 5F>r.$%! $-./$! 5$%! >)*&'-%! $.! 73)%'$)/%! &-'*&)S4! $-! 73)%! 5$!

5,--1$%!'%%)$%!5$!*,)%.'()$%!:,/:1%!+,33$+.1%!%)/!3$!.$//&'-!OA$3&..$!$.!&3?!

^\[\4! d&*:&-:! $.! &3?! ^\[^4! l&/&R'! $.! &3?! ^\[h4! k'8&-! $.! &3?! ^\[_P?! @$%!

/1%)3.&.%!5$%!&/.'+3$%![!$.!^!'-5'()$-.!()$!3$%!,'%$&)S!-$!/$7/1%$-.$-.!7&%!

5$%! >r.$%! 7/121/$-.'$3%! 7,)/! !"/% &'()*+,-.$! -,.&**$-.! ()&-5! 5F&)./$%!

+3&%%$%! 5F>r.$%! %,-.! 5'%7,-'03$%?! C&/! &'33$)/%! 3$%! &-'*&)S! %&)8&:$%!

%$*03$-.! 2&'/$! ,22'+$! 5$! %$+,-5! +>,'S! ()&-5! 5$%! >r.$%! >)*&'-%! ,)!

5,*$%.'()$%! %,-.! 5'%7,-'03$%?! I$7$-5&-.4! +$..$! 5'221/$-+$! 7$).! 9./$!

'-23)$-+1$!7&/!36&0,-5&-+$!5$%!>r.$%!5'%7,-'03$%!%)/!3$%!%'.$%!5$!+,33$+.$%?!

C&/!+,-%1()$-.4! '3!$%.!+3&'/$*$-.!-1+$%%&'/$!5$!518$3,77$/!5$!-,)8$33$%!

1.)5$%!5&-%!3$%!`,-$%!-&.)/$33$%!7,)/!51+/'/$!3$!+,*7,/.$*$-.!./,7>'()$!

5F!"?!&'()*+,-.$!$.!%,-!'-.$/&+.',-!&8$+!3&!2&)-$!%&)8&:$4!%'!7,%%'03$4!$-!

.$-&-.! +,*7.$! 5$! 3&! 5'%7,-'0'3'.1! 5$%! >r.$%! 8$/.10/1%! 7&/! 3$! 0'&'%! 5$!

/$+$-%$*$-.%! %)/! 3$! .$//&'-! $.! $-! +&3+)3&-.! 3$%! '-5'+$%! 5$! 7/121/$-+$%!

&3'*$-.&'/$%!Ok'38$/!^\\bP?!



 

! [hb!

@&!+&7&+'.1!56!"?!&'()*+,-.$!;!$S73,'.$/!5$%!%'.$%!5F,8'7,%'.',-!5&-%!

3$%!*'3'$)S!-&.)/$3%! $.! 36&3'*$-.&.',-!7,%%'03$! %)/! 5$%!&-'*&)S! %&)8&:$%!

/$7/1%$-.$-.! -1&-*,'-%! 5$%! +&/&+.1/'%.'()$%! ()'! 7$)8$-.! 2&+'3'.$/! 3$%!

'-.$/&+.',-%!5$!+$!*,)%.'()$!&8$+!3&!2&)-$!%&)8&:$!$.!%,-!/r3$!&)!%$'-!5$!

+<+3$%!$-`,,.'()$%!5F&/0,8'/)%?!B2'-!5$!*'$)S!&77/1>$-5$/!+$!/'%()$!7,%1!

7&/!!"?!&'()(+,-.$!5&-%!3$%!`,-$%!2,/$%.'=/$%!0/1%'3'$--$%4!3F&/.'+3$!^!8'%&'.!

;!18&3)$/!3&!7/1%$-+$!$.!3$%!3'*'.$%!5$!3&!+,3,-'%&.',-!$.!5$!3&!5'%7$/%',-!5$!

+$..$! $%7=+$! 5&-%! [\! 2,/9.%! '-.$/2&+$%! )/0&'-a2,/9.! 5)! E/1%'3?! A&-%! +$!

./&8&'34!-,)%!&8,-%!,0%$/81!3&!+,3,-'%&.',-!5$!7,-5,'/%!O\!;!g\\!*P!$.! 3&!

5'%7$/%',-!5$%!2$*$33$%!O\!;!_\\!*P!56!"/!&'()*+,-.$!;!7&/.'/!5$!3&!3'%'=/$!5$!

3&!2,/9.!;!B5,37>,!A)+t$!OY&-&)%P4!C$5/&!E/&-+&!OD',!5$!#&-$'/,P!$.!Y,//,!

5,%!Y&+&+,%!OV,'&-'&P4!&'-%'!()$!3&!7/1%$-+$!5$!+$..$!$%7=+$!5&-%!.,)%!

3$%! 2/&:*$-.%! 2,/$%.'$/%! 1.)5'1%?! J,./$! /1%)3.&.! $%.! $-! &++,/5! &8$+! 3$%!

,0%$/8&.',-%!5$!I,33$%4![v_f!$.!e&{3$<4![vbb4!()'!%)::=/$!)-$!3'*'.&.',-!

5$%! 7,7)3&.',-%! &%'&.'()$%! 5$! +$!*,)%.'()$!;! 18,3)$/! &)! %$'-! 5$! 2,/9.%!

+3'*&S!,)!;! 36'-.1/'$)/!5$! 2,/9.%! ./,7'+&3$%!5$-%$%! OI,33$%%![v_v4!e&{3$<!

[vbbP?! A&-%! +$! *9*$! ./&8&'34! -,)%! ,0%$/8,-%! ()$! 3$%! 2$*$33$%! 5F!"?!

&'()*+,-.$!1.&'$-.!7/1%$-.$%!R)%()6;!h\\!,)!_\\!*!5)!0,/5!5$!3&!2,/9.4!.&-5'%!

()$!3$%!*Q3$%!1.&'$-.!51.$+.1%!;!g\\!,)!h\\!*?!@&!/$-+,-./$!5$%!2$*$33$%!

$.!5$%!*Q3$%!;!g\\!,)!h\\!*!5)!0,/5!5$!3&!2,/9.!;!B5,37>,!A)+t$4!C$5/&!

E/&-+&!$.!Y,//,!5,%!Y&+&+,%!7$).! 2&8,/'%$/! 3F&++,)73$*$-.!5$! 36$%7=+$!

5&-%! +$.! $-8'/,--$*$-.4! 2&+'3'.1! 7&/! 3&! /$-+,-./$! 18$-.)$33$! 56)-! >r.$!

%&)8&:$!$.!3&!7/1%$-+$!5$!%'.$%!5$!/$7/,5)+.',-4!+,**$!5$%!./,)%!56&/0/$%!

,)! 5$%! &'%%$33$%! 5$! 2$)'33$%?! B'-%'4! 3$%! 3'%'=/$%! 5$! 2,/9.%! 7$)8$-.! 9./$!

+,-%'51/1$%!+,**$!)-$!̀ ,-$!;!/'%()$!5F1*$/:$-+$4!,}!!"?!&'()*+,-.$!7$).!



! [hv!

%$/8'/!5$!8$+.$)/!7,-.!5&-%!3$!./&-%2$/.!5$!8'/)%!$-./$!>)*&'-%!a!&-'*&)S!

5,*$%.'()$%!a!&-'*&)S!%&)8&:$%4!,)!8'+$!8$/%&?!W3!+,-8'$-.!5$!-,.$/!()$!

5&-%!3$%!2,/9.%!5)!E/1%'34!^[\!&/0,8'/)%!,-.!51R;!1.1!'%,31%4!5,-.![[\!%,-.!

-,)8$&)S!7,)/!3&!%+'$-+$!$.!gh!+&)%$-.!5$%!*&3&5'$%!&)S!>)*&'-%!OI&%%$0!

$.!&3?!^\[hP?!@,/%!5$! 3&! /1+$-.$!17'51*'$!5$! 2'=8/$! R&)-$!5&-%!+$!*9*$!

7&<%4!!"/!&'()*+,-.$!&!1.1!./,)81!'-2$+.1!7&/!+$!8'/)%!OC,%%&%!$.!&3?!^\[b&4!

C,%%&%!$.!&3?!^\[b0P?!@&!3'..1/&.)/$!51+/'.!1:&3$*$-.!3&!51.$+.',-!+>$`!+$..$!

$%7=+$! 5$! 8'/)%! 17'51*'()$%! +,**$! I>'t)-:)-<&! OIeWdGP4! A$-:)$!

OATJG4!k1/,.<7$%![4^4g4hP!$.!c't&!OcWdGP?!!

B2'-! 5$! %,)3':-$/! 3F'*7,/.&-+$! 5$! +$! *,)%.'()$! 5&-%! 3$! /'%()$!

5F1*$/:$-+$! 5$! -,)8$&)S! &/0,8'/)%4! 5&-%! 3F&/.'+3$! [4! -,)%! &8,-%!

1:&3$*$-.!+,-%.&.1!()$!+$!*,)%.'()$!&8&'.!1.1!./,)81!-&.)/$33$*$-.!'-2$+.1!

7&/!f!&)./$%!8'/)%!m!I&+>$!G&33$<!O!IGGP4!T-+$7>&3'.$!T()'-$!5)!G1-1`)$3&!

OTTGP4! d$<%.,-$! OdT�GP4! @&! I/,%%$! O@BIGP4! C,.,%'! OCjLGP4! L$-%&{!

OLTJGP!$.!u$%.!J'3$!OuJGP?!A&-%!+$!7/$*'$/! ./&8&'34!-,)%!&8,-%!18&3)1!

()&-.'.&.'8$*$-.!()F!"/!&'()*+,-.$!$%.!+&7&03$!5$!./&-%*$../$4!$-!73)%!5$%!

8'/)%!17'51*'()$%!IeWdG4!ATJG!$.!cWdG4![g!&/0,8'/)%!5'221/$-.%m!j/)-:,!

OjDXGP4!@BIG4!GTTG4!TTTG4!CjLG4!D'2.!G&33$<!2$8$/!ODGlGP4!I>&-5'7)/&!

OIeCGP4! �lG4! #&*$%.,{-! I&-<,-! O#IGP4! uJG4! #&7&-$%$! T-+$7>&3'.'%!

O#TGP4!Y&<&/,!OYB�GP!$.!D,%%!D'8$/!ODDGP?!!

J,)%!&8,-%!.$-.1!5F$%.'*$/!3$!/'%()$!/$3&.'2!5$!./&-%2$/.!8$/%!3F>,**$!

7,)/![\!5F$-./$Z$)S4!$-!$S+3)&-.!.,).$2,'%!3$%!8'/)%!j/)-:,4!I>&-5'7)/&!$.!

#&*$%.,-$!I&-<,-!5,-.!3&!./&-%*'%%',-!-F&!1.1!$S71/'*$-.&3$*$-.!81/'2'1$!

()F;!)-$!%$)3$!/$7/'%$?!A$!-,*0/$)S!&).$)/%!,-.!'-5'()1!)-$!%)%+$7.'0'3'.1!

56'-2$+.',-!5$!+$..$!$%7=+$!7,)/!gh!&/0,8'/)%4!*&'%!$-!.$-&-.!+,*7.$!5$%!



 

! [_\!

7/$)8$%!5$! ./&-%*'%%',-!-,)%!&8,-%! 2'-&3$*$-.!+,-%.&.1!()$!+$!-,*0/$!

1.&'.!%)/$%.'*1!OC&)7<!$.!&3?!^\\v4!G&-3&-5'-:>&*!$.!&3?!^\[wP?!C&/*'!3$%!

8'/)%!5,-.!3&!./&-%*'%%',-!7&/!!"/%&'()*+,-.$!$%.!$22$+.'8$*$-.!&81/1$4!3$%!

7,7)3&.',-%! 56!"/% &'()*+,-.$! 5)! E/1%'3! ,-.! 1.1! 51*,-./1$%! +,**$!

+,*71.$-.$%!7,)/!3&!./&-%*'%%',-!5)!8'/)%!5$!3&!2'=8/$!R&)-$4!&'-%'!()$!7,)/!

3$! 8'/)%! Y&<&/,! Ok*'.>! &-5! l/&-+<! [vv[4! I,).,Z@'*&! $.! &3?! ^\[fP?! B!

73)%'$)/%!/$7/'%$%!5$%!17'51*'$%!5$!GTTT4!GTTG4!uTTG4!TTTG4!YB�G!

,-.! 1.1! /$7,/.1$%! $-!*'3'$)! /)/&3! %)/! 3$! .$//'.,'/$! 0/1%'3'$-! OI&%%$0! $.! &3?!

^\[hP?!!

T-! B2/'()$4! 5$! -,*0/$)S! &/0,8'/)%! 7$)8$-.! 9./$! 1.)5'1%! 7,)/!

13)+'5$/!3$!7,.$-.'$3!5$!./&-%*'%%',-!$.!561*$/:$-+$4!.$3%!()$!3&!2'=8/$!5$!3&!

8&331$!5)!D'2.!$.!3&!2'=8/$!R&)-$!()'!7/1%$-.$-.!5$%!1*$/:$-+$%!+,-%.&-.$%?!

B)S! z.&.%ZX-'%4! ,}! !"?! &'()*+,-.$! $%.! 3&/:$*$-.! 7/1%$-.4! '3! +,-8'$-.!

561.)5'$/! 3$%! 8'/)%! @IG4! TTTG4! uTTG4! dT�G4! IGG4! uJG! $.! CjLG!

OG&-3&-5'-:>&*!$.!&3?!^\[wP?!T-!B%'$!$.!$-!j+1&-'$4!'3!$S'%.$!)-!7,.$-.'$3!

5F1*$/:$-+$!$.!5$!5'%7$/%',-!5)!#TG!$.!5)!DDG?!

C&/*'! 3$%! &/0,8'/)%! 7/1%$-.&-.! )-! /'%()$! 5F1*$/:$-+$! 5�! ;! 3&!

7,%%'03$!./&-%*'%%',-!7&/!!"?!&'()*+,-.$4!'3!+,-8'$-.!5$!-,.$/!()$!+$/.&'-%!

5F$-./$!$)S!7/1%$-.$-.!5$%!5'22'+)3.1%!;!518$3,77$/!5$%!.'./$%!8'/&)S!13$81%!

+>$`! 36>,**$?! I$%! 0&//'=/$%! 7><%',3,:'()$%! 7$)8$-.! $*79+>$/!

36&+()'%'.',-! 5)! 8'/)%! 7&/! 5$%! 8$+.$)/%! $-8&>'%%&-.%! ()'! 8'8$-.! $-!*'3'$)!

)/0&'-?! W3! $%.! '*7,/.&-.!5F&++,*7&:-$/! 3F18,3).',-!5$! 3&!5<-&*'()$!5$! 3&!

./&-%*'%%',-!5$!+$%!&/0,8'/)%?!B'-%'4!'3!2&).!.$%.$/!$-!7/',/'.1!3&!+,*71.$-+$!

8$+.,/'$33$!5F!"/%&'()*+,-.$%8'%Z;Z8'%!5$!+$%!&/0,8'/)%4!&2'-!5$!7/15'/$! 3$%!

7,%%'03$%! 1*$/:$-+$%! 8'/&3$%! $-! 0,/5)/$! 5$%! 2,/9.%! $.! 5$! 7/18$-'/! 5$%!



! [_[!

+,-%1()$-+$%! %&-'.&'/$%! *&R$)/$%?! I&/4! *9*$! %F'3%! %,)22/$-.! 5$! 3&!

7/1%$-+$! 5$! 0&//'=/$%! 3'*'.&-.! 3$)/! *)3.'73'+&.',-4! 3$%! 8'/)%! %F&5&7.$-.!

7$/71.)$33$*$-.!&)S! 8$+.$)/%!-,.&**$-.!&)S!$%7=+$%! '-8&%'8$%!()'4! $-!

,22/&-.! &%%$`! /&7'5$*$-.! 5$%! %<%.=*$%! 8$+.,/'$3%! $22'+&+$%4! 7$)8$-.!

2&+'3'.$/! 3F1*$/:$-+$! 5$! +$/.&'-$%! 5$! +$%! $%7=+$%! 8'/&3$%?! C&/! $S$*73$4!

5&-%!3Fj+1&-!W-5'$-!$.!$-!B2/'()$!I$-./&3$4!3F'-.$/&+.',-!$-./$!!"?!&'()*+,-.$!

$.! 3$!IeWdG!&!+,-5)'.!;! 3&!%13$+.',-!5F)-$!-,)8$33$!%,)+>$!8'/&3$!*'$)S!

&5&7.1$!;! 3&! ./&-%*'%%',-!7&/!!"/%&'()*+,-.$!$.!73)%!&7.$!;!%$! /17&-5/$!

5&-%! 3$%! `,-$%! +,3,-'%1$%! 7&/! +$..$! $%7=+$! ;! 3F1+>$33$! 73&-1.&'/$!

OL%$.%&/t'-!&-5!u$&8$/!^\[[P?!@$%!1.)5$%!%)/!3&!%13$+.',-!5$%!*).&.',-%!

7,)/!3$%!%,)+>$%!73)%!%$-%'03$%!;!3F'-2$+.',-!%,-.!$-+,/$!3'*'.1$%!$.!7$)8$-.!

9./$!).'3$%!7,)/!7/15'/$!3$%!18=-$*$-.%!56)/:$-+$!OL%$.%&/t'-!&-5!u$&8$/!

^\[[P?!

A&-%! 3&!7/1%$-.$! .>=%$4!-,)%!-6&8,-%!7&%!51.$+.1!5F'-2$+.',-%!7&/!

5$%!&/0,8'/)%!`,,-,.'()$%!5&-%! 3$%!%71+'*$-%!5F!"/%&'()*+,-.$%+,33$+.1%!

%)/! 3$%! .$//&'-%! 5&-%! 3$%! 0,/5)/$%! 2,/$%.'=/$%?!I$7$-5&-.4! )-! $22,/.! 73)%!

'*7,/.&-.!5$!+,33$+.$!$.!5$!+/'03&:$!*1/'.$/&'.!5F9./$!/1&3'%1!-,.&**$-.!$-!

*$..&-.!$-!73&+$!5$%!%)'8'%! 3,-:'.)5'-&)S!5&-%!5$%!%'.$%! 2,/$%.'$/%!,}! 3&!

+'/+)3&.',-!5F&/0,8'/)%!$-`,,.'()$%!$%.!+,-2'/*1$?!J,)%!&8,-%!7)!,0%$/8$/!

()$! 7&/*'! 3$%! $%7=+$%! %)%+$7.'03$%! 5$! ./&-%*'%! 5$%! &/0,8'/)%4! !"/%

&'()*+,-.$!1.&'.!3F$%7=+$!3&!73)%!2/1()$**$-.!/$./,)81$!$.!+$!5&-%!.,)%!3$%!

2/&:*$-.%!2,/$%.'$/%!1.)5'1%?!J,)%!&8,-%!1:&3$*$-.!7)!,0%$/8$/!()$!+$..$!

$%7=+$! +,-./'0)&'.! 2,/.$*$-.! &)S! +>&-:$*$-.%! 5$%! +,**)-&).1%! 5$!

*,)%.'()$%!5&-%!3$%!2/&:*$-.%!2,/$%.'$/%!1.)5'1%?!!



 

! [_^!

A&-%! -,./$! 1.)5$4! W3! $S'%.$! $-+,/$! 5$%! /1%)3.&.%! ;! 51.&'33$/!

-,.&**$-.! +$)S! %)/! 36'*7&+.! ()$! +$..$! $%7=+$! 7$).! &8,'/! %)/! 3&! 2&)-$!

%&)8&:$!5$%!+)3'+'51%4!%)/!3&()$33$!$33$!7$).!'-.$/&:'/?!AF&7/=%!-,%!/1%)3.&.%!

7/13'*'-&'/$%4!3&!5'8$/%'.1!5$%!+)3'+'51%!5'*'-)$!$-!0,/5)/$!5$%!2,/9.%!3;!,}!

!"/%&'()*+,-.$!$%.!5,*'-&-.?!Y&'%!'3!-F$%.!7&%!7,%%'03$!5$!*$%)/$/!3F'*7&+.!

5$! +$..$! 5'*'-).',-! 5$! 3&! 0',5'8$/%'.14! -'! 3F$22$.! 5$! 3&! 7/1%$-+$! 5F!"/%

&'()*+,-.$%%)/!3$%!+<+3$%!`,,-,.'()$%4!-'!3F1*$/:$-+$!5$%!&/0,8'/)%!8$/%!3&!

%,+'$.1!>)*&'-$?!

@$%!/1%)3.&.%!5$%!&/.'+3$%![!$.!^!%,)3':-$-.!$-%$*03$!3$%!'-.$/&+.',-%!

$-./$!!"?!&'()*+,-.$! $.! 3$%! &-'*&)S! ()'! 7$)8$-.! &22$+.$/! 3&! ./&-%*'%%',-!

-&.)/$33$!5$%!&/0,8'/)%!`,,-,.'()$%4! '*7&+.&-.! 3$%!+<+3$%!$-`,,.'()$%!5$!

+$%! 8'/)%! $.! &):*$-.&-.! &'-%'! 3$! /'%()$! 5$! ./&-%2$/.! ;! 36>,**$! $.!

361*$/:$-+$!5$!-,)8$33$%!*$-&+$%!8'/&3$%?!@&!5'8$/%'.1!5$%!&/0,8'/)%!7,)/!

3$%()$3%!!"?!&'()*+,-.$! $%.! +,*71.$-.4! $.! %&!7/1%$-+$!5&-%! 3$%!>&0'.&.%!

-&.)/$3%!$.!5&-%!3$%!`,-$%!5$!0,/5)/$!2,/$%.'=/$4!2&'.!5$!+$!*,)%.'()$!)-!

8$+.$)/!0/'5:$!7,.$-.'$3?!I$!/'%()$!$%.!13$81!5&-%!3$%!`,-$%!+,-%'51/1$%!

+,**$!5$%!7,'-.%!+>&)5%!5$!3&!0',5'8$/%'.14!7/'-+'7&3$*$-.!&)S!2/,-.'=/$%!

2,/$%.'=/$%! 5)! E/1%'3?! A$! 73)%4! 3&! 5'8$/%'.1! 5$! 8'/)%! 7,)/! 3$%()$3%! !"?!

&'()*+,-.$!$%.!+,*71.$-.!$%.!/1813&./'+$!5$%!/'%()$%!17'51*',3,:'()$%!()$!

+$..$!$%7=+$!7$).!+&)%$/?!l&+$!;!+$..$!*$-&+$!561*$/:$-+$!17'51*'()$!

5F&/0,8'/)%!2,/$%.'$/%4!'3!$%.!-1+$%%&'/$!5$!%)/8$'33$/!3$%!0,/5)/$%!5$%!2,/9.%!

,}!+$!8$+.$)/!$%.!7/1%$-.4!&'-%'!()$!3&!5<-&*'()$!5$!3618,3).',-!8'/&3$!5&-%!

+$%! /1:',-%?! I$4! &2'-! 5618'.$/! 5$%! +,-%1()$-+$%! 51%&%./$)%$%! 7,)/! 3&!

%&-.1?!@$!+,-./r3$!5$%!7,7)3&.',-%!5F!"/&'()*+,-.$%&)!-'8$&)!5$%!0,/5)/$%!

5$%!2,/9.%!&)!E/1%'3!$%.!+,*73$S$4!+&/!'3!%F&:'.!5$!2,/9.%!5,.1$%!5F)-$!>&).$!



! [_g!

0',5'8$/%'.1! $-.,*,3,:'()$?! B'-%'! 3F).'3'%&.',-! +3&%%'()$! 5F'-%$+.'+'5$%! $%.!

'-$-8'%&:$&03$! +&/! '3! -)'/&'.! '//1*15'&03$*$-.! ;! 3&! 0',5'8$/%'.1! 5$! +$%!

1+,%<%.=*$%?!@&!%)/8$'33&-+$!$-.,*,3,:'()$!$.!8'/&3$4!+,**$!3&!/$+>$/+>$!

%+'$-.'2'()$4!%,-.!3$%!+31%!7,)/!&:'/!$-!&*,-.!5$%!1*$/:$-+$%!8'/&3$%?!J,)%!

$%.'*,-%! 5,-+! -1+$%%&'/$! 5F$22$+.)$/! 3&! %)/8$'33&-+$! 5F!"/% &'()*+,-.$%

T% ! ./&8$/%! 5$%! 1.)5$%! 3,-:'.)5'-&3$%! $-! 3'%'=/$! 5$! 2,/9.4! ,}! '3! $S'%.$! )-$!

%)/8$'33&-+$! 5$! 3&! +'/+)3&.',-! 5$%! &/0,8'/)%?! I$%! 1.)5$%! 7$)8$-.! &8,'/!

+,**$!,0R$+.'2!5$!51.$/*'-$/m![P!@$%!:'.$%!5$!/$7/,5)+.',-!-&.)/$3%!5&-%!

3$%()$3%!!"/%&'()*+,-.$%$22$+.)$!%&!7,-.$y!^P!3$!+,*7,/.$*$-.!&3'*$-.&'/$!

5$! +$..$! $%7=+$! +,*7.$! .$-)! 5$! 36&0,-5&-+$! 5$%! >r.$%! 8$/.10/1%! ()'!

36$-.,)/$-.y!gP!3&!+,*71.$-+$!8$+.,/'$33$!$.!3$%!*).&.',-%!5$%!8'/)%!7/1%$-.%!

5&-%!3$%!0,/5)/$%!5$%!2,/$.%!0/1%'3'$--$%4!.$3%!()$!Y&<&/,!$.!j/,7)+>$y!hP!

36'-2$+.',-! -&.)/$33$! +>$`! 3$%! *,)%.'()$%! +&7.)/1%?! k'! 7,%%'03$4! 7,)/! 3$%!

,0R$+.'2%!^!$.!h4!'3!$%.!-1+$%%&'/$!5$!7/$-5/$!$-!+,*7.$!5F&)./$%!$%7=+$%!

8$+./'+$%!&2'-!5$!81/'2'$/!%)/!()$3!+<+3$%!$-`,,.'()$%!!"/%&'()*+,-.$!7,)//&'.!

'-.$/&:'/? 

! !



 

! [_h!

"?;?%#(&#*!W'-.'6P%,BZ'^7#*!

DZ$#/]!n<]! ,(/!a<!0#$'*Z?!>N3C?! �$33,{! 2$8$/! 2/,*!B-:,3&! &-5!I,-:,m! &!
%.,/*!:&.>$/%?!L/,7?!A,+.?!hfm!v^|vw?!

D.#(&,%]!X<]!U<!O<!/#!0#..6]!H<!Y<!W,%-6*,]!e<!"<!8'.bY,(),(,]!S<!/#!D<!0,',]!
U<! W<! 0,%&6(/#*]! ,(/! X<! S<! Y<! Y'.Q,?! >N3L?! A'8$/%'.<! ,2! <$33,{! 2$8$/!
*,%()'.,!8$+.,/%!'-!.>$!B.3&-.'+!2,/$%.!,2!D',!5$!#&-$'/,4!E/&`'3?!D$8?!k,+?!
E/&%?!Y$5?!L/,7?!hvm!g_[|g_w?!

D.#(&,%]!X<]!H<!5<!D<!O<!S<!@<!0#..6]!O<!06%6(#]!Y<!S<!D<!Y#%%,b;%#'%#]!R<!S<!@<!
8,..'#%]!2<!Y#]!"<!H7&'6]!,(/!R<!0,7#?!>N3I?!l3':>.!e$':>.!C/$2$/$-+$!2,/!
j8'7,%'.',-!,2!Y,%()'.,! O!A'7.$/&�m!I)3'+'5&$! P!G$+.,/%!,2!k<38&.'+!�$33,{!
l$8$/!G'/)%!J$&/!.>$!e<5/,$3$+./'+!D$%$/8,'/!,2!k'*73'+',!4!Y'-&%!V$/&'%4!
E/&`'3?!#?!Y$5?!T-.,*,3?!_\m!fv[|fv_?!

D..#(]!+<]!E<!D<!07%%,F]!U<!a,$-%,(,b+6%%#.'6]!Y<!Y<!06%*#]!U<!"6(/'('(']!0<!
S'!0,%&6]!R<!W%#')]!E<!X<!9.'Q,.]!,(/!2<!S,*f,\?!>N3C?!V3,0&3!>,.%7,.%!&-5!
+,//$3&.$%!,2!$*$/:'-:!`,,-,.'+!5'%$&%$%?!J&.?!I,**)-?!bm![|[\?!

D.)6]!W<!`<]!,(/!Y<!D<!X7.',(6?!>NN3,?!L$*7$/&.)/$!T22$+.%!,-!.>$!A<-&*'+%!,2!
!"#"$%&'()*+,-.$!OA'7.$/&m!I)3'+'5&$P!C,7)3&.',-%!'-!.>$!@&0,/&.,/<?!#?!Y$5?!
T-.,*,3?!gbm!_hb|__w?!

D.)6]!W<!`<]!,(/!Y<!D<!X7.',(6?!>NN3-?!C/$+'7'.&.',-!&-5!L$*7$/&.)/$!T22$+.%!
,-! C,7)3&.',-%! ,2!!"#"$% &'()*+,-.$! OA'7.$/&m! I)3'+'5&$Pm! W*73'+&.',-%! 2,/!
D&-:$!TS7&-%',-?!#?!Y$5?!T-.,*,3?!gbm!whw|w_w?!

D.)6]!W<!`<]!H<!2<!H67('-6*]!U<!R<!06%#*]!,(/!0<!e<!"#'*\'(/?!>NNM?!@&/8&3!
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L&'33$!5)!2/:*$-.!
O7&'/$%!5$!0&%$%P!

3L*!
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Og\"P!
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Og\"P!
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wb�I!$S.$-%',-!

Og\"P!

3LY$,$3!jN]3L{0l!
f^�I!$S.$-%',-!
2'-&3$!O[\6P!

3LY$,$>!jN]3L{0l! [\�I!2'-&3!O[\6P!

+Dn!2.,)'(7$!
5(Q')%6P#(!jN]NJTl! !

DSR!jK{.l!

UF)6&Z%6$#!
W! I�LE^

l!
IIIILIBVBBLVBLBL

LLVLIILIB!
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vh�I!
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I�LED!
IIBLIIBBIBLILIBV

IBLVBLVBBB!
+B!3Ni!jK!{.l!

vh�I!
51-&.)/&.',-!
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! !

0P&.>!j!J<M!$0l!
w\�I!&--$&3'-:!

O_\"P!

/R+2!jN<>$0l!
wb�I!$S.$-%',-!

O[6P!

3LY$,$3!jN]>!{0l!
f^�I!$S.$-%',-!
2'-&3$!O[\6P!

3LY$,$>!jN]>{0l! [\�I!2'-&3O[\6P!

+Dn!2.,)'(7$!
5(Q')%6P#(!jN]N>Tl! !

DSR!jK{.l!



! [f[!

D((#A#! J! 4! "?*7$?! /#*! ,(,.F*#*! $6.?&7.,'%#*! B#%$#)),()! /#!

/?)#%$'(#%!._6%'P'(#!/#*!%#B,*!/#!*,(P!/#*!*B?&'$#(*!P6%P?*<!

!
k'.$%!m!Y!OY&-&)%P4!Vj!OV,'&-'&P!$.!D#!OD',!5$!#&-$'/,Py!A'%.m!5'%.&-+$!5)!0,/5!5$!3&!2,/9.y!Y,%(m!
Y,)%.'()$%!&-&3<%1%4!BB!O!!"#"$%&'()*+,-.$P4!IIk!O3.'"4%83.'"4;%$*P4!IT!O3.'"4%">>&-+,.$P4!I�!
O3.'"4% 5.+65."7&$,+&-.$P! IY! O3.'"4% :)'+$P4! IJ! O3.'"4% 6+1>+*&'*.$P4! IG! O3)5.+'"-+#+&%
C"6"$."'"6$+$P4! @Y! O! L+:&-.$% #.>=&:++P4! LA! OA>+,=)*)$)*.:% #+1+-&-.:P4! uk! O! Q2"):2+&%
$*'"6#+#&Py!Ykm!Y&S'*)*!%+,/$y!Lkm! .,.&3!%+,/$y!�Im!()$/<!+,8$/y!T!8&3)$!$.! W5$-.! O'5$-.'.<Pm!
8&3$)/%!5$%!7&/&*=./$%!/$.$-)%!5$!3F&-&3<%$!E@BkLOJIEW!{$0%'.$Py![w%4![wk!/DJB!:$-$y!I�LE4!
+<.,+>/,*$!E!,S'5&%$!:$-$?!!
!
!

B/$&! A'%.! Y,%(! C/'*$/%! G$/.$0/1! Yk! Lk! �I! T!8&3)$! W5$-.!

Y! \!

BB!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [gf! [gf! [\\x! g?\\TZ^v! vbx!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [f[! [f[! vwx! g?\\TZgv! vbx!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [wf! [wf! vhx! _?\\TZgb! vbx!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [f^! [f^! vfx! [?\\TZgv! vbx!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [hg! [hg! [\\x! w?\\TZg[! vvx!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [[g! [[g! vwx! w?\\TZ^^! bfx!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [wv! [wv! v_x! [?\\TZgb! vbx!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [w_! [w_! vwx! ^?\\TZgf! vfx!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [wf! [wf! vwx! _?\\TZgb! vbx!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [gh! [gh! v^x! _?\\TZ^b! v^x!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [h_! [h_! vfx! ^?\\TZg[! vbx!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [f^! [f^! v_x! [?\\TZgv! vvx!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [w_! [w_! vwx! ^?\\TZgf! vfx!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [hf! [hf! [\\x! h?\\TZg^! [\\x!

[w%! F):)%$&*+"6$% [f[! [f[! [\\x! g?\\TZgv! vwx!

[w%! F):)%$&*+"6$% [fh! [fh! [\\x! g?\\TZh\! vfx!

[w%! F):)%$&*+"6$% [f^! [f^! [\\x! v?\\TZh\! vfx!

[w%! F):)%$&*+"6$% [fw! [fw! vfx! b?\\TZh[! vbx!

[w%! F):)%$&*+"6$% [wf! [wf! vgx! _?\\TZgb! vfx!

[w%! F):)%$&*+"6$% [w[! [w[! vgx! ^?\\TZgw! vfx!

[w%! F):)%$&*+"6$% [b^! [b^! vvx! ^?\\TZh^! vbx!

[w%! F):)%$&*+"6$% [fb! [fb! v_x! ^?\\TZh[! vvx!

[w%! F):)%$&*+"6$% [h[! [h[! [\\x! ^?\\TZg\! v_x!

[w%! F):)%$&*+"6$% [[v! [[v! vbx! [?\\TZ^g! bbx!

[w%! F):)%$&*+"6$% [fb! [fb! vhx! ^?\\TZh[! vvx!

[w%! F):)%$&*+"6$% [fb! [fb! vgx! ^?\\TZh[! vvx!

[w%! F):)%$&*+"6$% [g^! [g^! [\\x! [?\\TZ^f! vhx!

!
!
!



 

! [f^!

k)'.$!
!

!
!
!
!
!
!
!
!

B/$&! A'%.! Y,%(! C/'*$/%! G$/.$0/1! Yk! Lk! �I! T!8&3)$! W5$-.!

!
Y!

!
\!

BB!

[w%! F):)%$&*+"6$% [b^! [b^! vbx! ^?\\TZh^! vbx!

[w%! F):)%$&*+"6$% [b\! [b\! vbx! w?\\TZh^! vbx!

[w%! F):)%$&*+"6$% [gh! [gh! vwx! _?\\TZ^b! v[x!

[w%! F):)%$&*+"6$% [f^! [f^! vfx! [?\\TZgv! vfx!

[w%! F):)%$&*+"6$% [fb! [fb! v_x! ^?\\TZh[! vvx!

[w%! F):)%$&*+"6$% [b^! [b^! vfx! ^?\\TZh^! vvx!

[w%! F):)%$&*+"6$% [gh! [gh! vbx! h?\\TZ^b! v_x!

[w%! F):)%$&*+"6$% [f^! [f^! vhx! [?\\TZgv! vbx!

[w%! F):)%$&*+"6$% [f\! [f\! vgx! h?\\TZgv! vbx!

[w%! F):)%$&*+"6$% [f^! [f^! v^x! [?\\TZgv! vbx!

[w%! F):)%$&*+"6$% [_^! [_^! vhx! [?\\TZgg! v_x!

[w%! F):)%$&*+"6$% [wb! [wb! vvx! ^?\\TZgb! vwx!

[w%! F):)%$&*+"6$% [f^! [f^! vgx! [?\\TZgv! vbx!

[w%! F):)%$&*+"6$% [f\! [f\! vgx! h?\\TZgv! vbx!

[w%! F):)%$&*+"6$% [h\! [h\! v^x! f?\\TZg\! vhx!

[w%! F):)%$&*+"6$% [f^! [f^! vhx! [?\\TZgv! vbx!

[w%! F):)%$&*+"6$% [w_! [w_! vbx! ^?\\TZgf! vfx!

[w%! F):)%$&*+"6$% [gh! [gh! [\\x! ^?\\TZ^b! v_x!

[w%! F):)%$&*+"6$% [f\! [f\! vgx! h?\\TZgv! vbx!

[w%! F):)%$&*+"6$% [_w! [_w! vhx! [?\\TZgh! vfx!

[w%! F):)%$&*+"6$% wg?v! wg?v! hgx! _?\\TZ\f! vfx!

Ij�! F):)%$&*+"6$% _wv! _wv! vfx! [?\\TZ[_b! vvx!

Ij�! F):)%$&*+"6$% _fg! _fg! vwx! [?\\TZ[_v! vvx!

Ij�! F):)%$&*+"6$% _bw! _bw! vvx! [?\\TZ[wg! vvx!

Ij�! F):)%$&*+"6$% _b^! _b^! vwx! ^?\\TZ[w^! [\\x!

Ij�! F):)%$&*+"6$% _fv! _fv! vbx! ^?\\TZ[w[! vvx!

[w%! O&--.$%6)>C"1+,.$% [\w! [\w! v_x! [?\\TZ[v! bfx!

Ij�! O&--.$%6)>C"1+,.$! gvb! gvb! vbx% w?\\TZ[\f! v\x!

[w%! A)6&-+&%(+#"6$% b^?h! b^?h! w\x! [?\\TZ[^! vwx!

Ij�! A&>&(&%:&?)>% hww! hww! v\x! ^?\\TZ[^f! vwx!

[w%! A)6&-+&%(+#"6$% fb?b! fb?b! w^x! [?\\TZ[[! vwx!



! [fg!

k)'.$!
!

!
!
!
!
!
!
!
!

B/$&! A'%.! Y,%(! C/'*$/%! G$/.$0/1! Yk! Lk! �I! T!8&3)$! W5$-.!

!
Y!

!
\!

IIk!
!

[w%! R&''.$%1&''.$% [hg! [hg! bfx! w?\\TZg[! vhx!

[w%! F):)%$&*+"6$% [fh! [fh! v^x! g?\\TZh\! vvx!

IT!
!

[w%! D)$%-&.>.$% [[g! [[g! bvx! _?\\TZ^^! v^x!

[w%! F):)%$&*+"6$% [gf! [gf! vgx! h?\\TZ^v! vgx!

IY!

Ij�! F):)%$&*+"6$% _b\! _b\! vvx! w?\\TZ[w^! vvx!

[w%! 3&'.>):2$%*=+'&6#">% [wv! [wv! vbx! [?\\TZgb! vfx!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [_b! [_b! v\x! g?\\TZg_! vfx!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [wg! [wg! vwx! w?\\TZgf! vfx!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [wb! [wb! vbx! ^?\\TZgb! vbx!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [f^! [f^! vfx! [?\\TZgv! vbx!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [fh! [fh! v_x! g?\\TZh\! vvx!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [wf! [wf! vbx! _?\\TZgb! vfx!

[w%! 3&6+$%'.*.$%7&:+'+&>+$% [\h! [\h! v_x! h?\\TZ[v! bwx!

[w%! R&''.$%1&''.$% [fh! [fh! vgx! h?\\TZh\! vbx!

[w%! R&''.$%1&''.$% [fw! [fw! vwx! [?\\TZh\! vwx!

[w%! R&''.$%1&''.$% [b[! [b[! v[x! ^?\\TZh^! vvx!

[w%! R&''.$%1&''.$% [wg! [wg! [\\x! w?\\TZgf! vfx!

[w%! R&''.$%1&''.$% [hg! [hg! vgx! w?\\TZg[! vgx!

[w%! R&''.$%1&''.$% [h[! [h[! [\\x! ^?\\TZg\! vvx!

[w%! R&''.$%1&''.$% [_^! [_^! v\x! [?\\TZgg! vhx!

[w%! R&''.$%1&''.$% [bg! [bg! vgx! _?\\TZhg! vbx!

[w%! R&''.$%1&''.$% [v[! [v[! vwx! g?\\TZh_! vvx!

[w%! R&''.$%1&''.$% [f^! [f^! vhx! [?\\TZgv! vwx!

Ij�! R&''.$%1&''.$% h\_! h\_! vwx! h?\\TZ[\v! v\x!

Ij�! R&''.$%1&''.$% _b\! _b\! [\\x! w?\\TZ[w^! vvx!

Ij�! R&''.$%1&''.$% _bh! _bh! vbx! _?\\TZ[wg! [\\x!

Ij�! R&''.$%1&''.$% _w\! _w\! vfx! b?\\TZ[_w! vbx!

Ij�! R&''.$%1&''.$! _wb! _wb! vwx% _?\\TZ[_b! vvx!

Ij�! R&''.$%1&''.$% _fg! _fg! vfx! [?\\TZ[_v! vvx!

Ij�! R&''.$%1&''.$% _wb! _wb! vbx! _?\\TZ[_b! vvx!

Ij�! R&''.$%1&''.$% _fg! _fg! vfx! [?\\TZ[_v! vvx!
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!

B/$&! A'%.! Y,%(! C/'*$/%! G$/.$0/1! Yk! Lk! �I! T!8&3)$! W5$-.!

!
Y!

!
\!

IY!

Ij�! R&''.$%1&''.$% _w^! _w^! vfx! ^?\\TZ[_w! vbx!

Ij�! R&''.$%1&''.$% _fv! _fv! vbx! ^?\\TZ[w[! vvx!

Ij�! R&''.$%1&''.$% _f_! _f_! vvx! g?\\TZ[w\! vvx!

Ij�! R&''.$%1&''.$% hhw! hhw! vhx! ^?\\TZ[^[! vgx!

Ij�! R&''.$%1&''.$% _f_! _f_! vbx! g?\\TZ[w\! vvx!

[w%! F):)%$&*+"6$% [w_! [w_! v^x! ^?\\TZgf! vfx!

[w%! F):)%$&*+"6$% [\\! [\\! vhx! h?\\TZ[b! bbx!

[w%! F):)%$&*+"6$% [f^! [f^! vvx! [?\\TZgv! vfx!

[w%! F):)%$&*+"6$% [fw! [fw! vhx! [?\\TZh\! vvx!

[w%! F):)%$&*+"6$% [_^! [_^! vbx! [?\\TZgg! vvx!

[w%! F):)%$&*+"6$% [w[! [w[! vgx! ^?\\TZgw! vbx!

[w%! F):)%$&*+"6$% [wb! [wb! vgx! ^?\\TZgb! vfx!

[w%! F):)%$&*+"6$% [_^! [_^! [\\x! [?\\TZgg! vvx!

[w%! F):)%$&*+"6$% [f\! [f\! vgx! h?\\TZgv! vvx!

[w%! F):)%$&*+"6$% vg?_! vg?_! [\\x! w?\\TZ[w! bwx!

[w%! F):)%$&*+"6$% [f^! [f^! vgx! [?\\TZgv! vbx!

[w%! F):)%$&*+"6$% [fw! [fw! vgx! [?\\TZh\! vvx!

[w%! F):)%$&*+"6$% [f^! [f^! vhx! [?\\TZgv! vbx!

[w%! F):)%$&*+"6$% [g^! [g^! vgx! [?\\TZ^f! v_x!

[w%! F):)%$&*+"6$% [hg! [hg! v^x! v?\\TZg[! vhx!

[w%! F):)%$&*+"6$% [_w! [_w! v^x! [?\\TZgh! vwx!

[w%! F):)%$&*+"6$% [gv! [gv! vhx! [?\\TZ^v! vgx!

[w%! F):)%$&*+"6$% [^^! [^^! v_x! v?\\TZ^_! v^x!

[w%! F):)%$&*+"6$% vf?[! vf?[! b\x! w?\\TZ[f! v[x!

[w%! F):)%$&*+"6$% [hg! [hg! vwx! w?\\TZg[! vfx!

[w%! F):)%$&*+"6$% [wv! [wv! vhx! [?\\TZgb! vfx!

[w%! F):)%$&*+"6$% [hb! [hb! v_x! ^?\\TZg^! vhx!

[w%! F):)%$&*+"6$! [f^! [f^! vhx% [?\\TZgv! vbx!

Ij�! F):)%$&*+"6$% _ff! _ff! vbx! b?\\TZ[w[! vvx!

Ij�! F):)%$&*+"6$% h_v! h_v! vbx! g?\\TZ[^_! vgx!

!
[w%!
!

E&6-=">&%)6,&%C).,=">% [wg! [wg! vbx! f?\\TZgf! vwx!

[w%! O=+6"''&%$,=6"+#">+% [b_! [b_! vhx! ^?\\TZhg! vwx!
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B/$&! A'%.! Y,%(! C/'*$/%! G$/.$0/1! Yk! Lk! �I! T!8&3)$! W5$-.!

!
Y!

!
[\\!

BB!
!

[w%! F):)%$&*+"6$% [_\! [_\! [\\x! h?\\TZgg! vgx!

[w%! F):)%$&*+"6$% bf?b! bf?b! bbx! h?\\TZ[h! b^x!

Ij�! F):)%$&*+"6$% _ff! _ff! vvx! b?\\TZ[w[! vbx!

IT!
[w%! F):)%$&*+"6$% [gb! [gb! vwx! g?\\TZ^v! vgx!

[w%! F):)%$&*+"6$% [hf! [hf! v_x! f?\\TZg^! vhx!

IY!
[w%! D)$%-&.>.$% [_\! [_\! vfx! _?\\TZgg! vhx!

[w%! F):)%$&*+"6$% [[[! [[[! vgx! ^?\\TZ^[! bfx!

LA!

Ij�! R&''.$%1&''.$% _b^! _b^! vfx! ^?\\TZ[w^! [\\x!

[w%! F):)%$&*+"6$% [w[! [w[! vgx! ^?\\TZgw! vfx!

[w%! F):)%$&*+"6$% [fh! [fh! vfx! g?\\TZh\! vfx!

[w%! F):)%$&*+"6$% [_\! [_\! vgx! _?\\TZgg! v_x!

[w%! F):)%$&*+"6$% [fb! [fb! v_x! ^?\\TZh[! vvx!

[w%! F):)%$&*+"6$% [fh! [fh! v_x! g?\\TZh\! vbx!

Ij�! F):)%$&*+"6$% _^\! _^\! vbx! [?\\TZ[hg! vwx!

Ij�! F):)%$&*+"6$% _w\! _w\! vbx! b?\\TZ[_w! vvx!

Ij�! F):)%$&*+"6$% _wv! _wv! vfx! [?\\TZ[_b! vvx!

Ij�! F):)%$&*+"6$% _\g! _\g! vfx! [?\\TZ[gb! vwx!

^\\! II! Ij�! F):)%$&*+"6$% _ww! _ww! vfx! ^?\\TZ[_f! vvx!

h\\! IIk! Ij�! F):)%$&*+"6$% _wb! _wb! vfx! _?\\TZ[_b! vvx!

Vj!

\!

IG! [w%! 9*=+11.>.$%+6$+#+)$.$% [g_! [g_! vfx! [?\\TZ^b! vfx!

@A! [w%! 3&6+$%'.*.$%7&:+'+&>+$% [w_! [w_! vwx! ^?\\TZgf! vbx!

BB! [w%! F):)%$&*+"6$% [wf! [wf! vgx! _?\\TZgb! vfx!

[\\! IG! [w%! M.>2P21):&-):2$%1.+&>&% [\\! [\\! v\x! g?\\TZ[b! v^x!

g\\! IT! Ij�! A&>&(&%:&?)>% hh\! hh\! v\x! [?\\TZ[[v! vhx!

D#!

\!

BB! [w%! F):)%$&*+"6$% [w[! [w[! vvx! ^?\\TZgw! vhx!

IJ! [w%! R&''.$%1&''.$% [f^! [f^! v_x! [?\\TZgv! vfx!

I�!
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! [bw!

+,-.#!Y>4!k)**&/<!,2!$::!%&*73'-:!<'$35%!{'.>!,8'./&7%!'-!.>$!5'22$/$-.!%&*73'-:!&/$&%!&-5!
&++,/5'-:!.,!.>$!5'%.&-+$!2/,*!.>$!2,/$%.!$5:$?!
>N3L!*,$B.'(P*!
D%#,! S'*),(&#! @PP!(7$-#%! e,)&Z'(P! 9)Z#%!*B#&'#*!
B5,37>,!A)+t$! \! [h^g! [\^! \!

[\\! [\b! ^h! \!
^\\! ^\! \! \!
g\\!.,!v\\! \! \! \!

k)0.,.&3! ! Z! [__[! [^w! \!
C$5/&!E/&-+&! \! wgb! [bg! g0!

[\\! ^! \! \!
^\\! [! \! \!
g\\! f! \! \!
h\\!.,!v\\! \! \! \!

k)0.,.&3! Z! whb! [bg! g!
Y,//,!5,%!Y&+&+,%! \! w_! [h! \!

[\\! ^_! \! \!
^\\! ^[! \! \!
g\\! [g! \! \!
h\\!.,!v\\! \! \! \!

k)0.,.&3! Z! [^h! [h! \!
>N3C!*,$B.'(P*!
A,*'-:,%!Y&/.'-%! \! ^w! \! \!

[\\! h^! \! \!
^\\! ^! \! \!
g\\! [f! \! [g!+!

k)0.,.&3! Z! bf! \! [g!+!
k&38&5,/! \! ^gw! ^v! \!

[\\! [[f! [^! \!
^\\! h! \! \!
g\\! wh! \! \!

k)0.,.&3! Z! h^[! h[! \!
k'*,-1%'&! \! _! \! \!

[\\! __! ^! \!
^\\! ^g! \! ^!+!
g\\! [\v! [[! \!

k)0.,.&3! ! [v^! [g! ^!+!
E$3,!e,/'`,-.$! \! v! b! \!

[\\! vv! [b! ^+!
^\\! \! \! \!
g\\! \! \! \!

k)0.,.&3! Z! [\b! ^w! ^!
Y&/'+p!&! \! JA! \! [fg+!

[\\! JA! \! gw+!
^\\! JA! \! ^[^+!
g\\! JA! \! [v+45!

k)0.,.&3! ! �! \! hh\!+45!
I&%'*'/,!5$!B0/$)&! \! JA! ^! b+!

[\\! JA! \! [$!
^\\! JA! \! h5!
g\\! JA! \! [5!

k)0.,.&3! ! ! ^! [h+454$!
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&++,/5'-:!.,!.>$!5'%.&-+$!2/,*!.>$!2,/$%.!$5:$?!
>N3L!Y,$B.'(P!
D%#,! S'*),(&#! +R! SO! +RO! SOO! OO! +R0! SO0! O0!
B5,37>,!
A)+t$!

\! [\vw! \?bv! wgb! \?__! \?w^! hg[! \?gh! \?gb!
[\\! vb! \?\b! wh! \?\_! \?w_! gh! \?\g! \?g_!
^\\! g^! \?\^_! [w! \?\[! \?_! [w! \?\[! \?_!
g\\! h! \?\\g! g! \! \?f_! [! \! \?^_!
h\\! ^! \?\\^! ^! \! [! \! \! \!
_\\! \! \! \! \! \! \! \! \!

k)0.,.&3! Z! [^g^! [! fwb! \?w^! \?w^! hwh! \?gb! \?gf!
C$5/&!E/&-+&! \! ^f! \?[v! ^w! \?[v! \?vw! [! \?\[! \?\h!

[\\! ^v! \?^! ^f! \?[v! \?vg! ^! \?\[! \?\f!
^\\! wf! \?hb! w[! \?hh! \?v[! w! \?\h! \?\v!
g\\! v! \?\w! v! \?\w! [! \! \! \!
h\\! f! \?\_! w! \?\h! \?b_! [! \?\[! \?[_!
_\\! \! \! \! \! \! \! \! \!

k)0.,.&3! Z! [gv! [! [^v! \?vg! \?vw! [\! \?\f! \?\h!
Y,//,!5,%!
Y&+&+,%!

\! g[! \?hv! ^b! \?hh! \?v\! g! \?\_! \?\v!
[\\! [f! \?^w! [f! \?^f! [! \! \! \?\v!
^\\! g! \?\h! g! \?\_! [! \! \! \!
g\\! w! \?\v! _! \?\b! \?bg! [! \?\^! \?[f!
h\\! h! \?\w! h! \?\w! [! \! \! \!
_\\! ^! \?\g! ^! \?\g! [! \! \! \!

k)0.,.&3! Z! wg! [! _v! \?vh! \?vg! h! \?\w! \?\f!
>N3C!Y,$B.'(P!
A,*'-:,%!
Y&/.'-%!

\! ^! \?h\! ^! \?h\! [! \! \! \!
[\\! [! \?^\! [! \?^\! [! \! \! \!
^\\! \! \! \! \! \! \! \! \!
g\\! ^! \?h\! ^! \?h\! [! \! \! \!

k)0.,.&3! Z! _! [! _! [! [! \! \! \!
k&38&5,/! \! [h! \?gg! [h! \?gg! [! \! \! \!

[\\! [[! \?^w! [[! \?^w! [! \! \! \!
^\\! w! \?[h! w! \?[h! [! \! \! \!
g\\! [^! \?^b! [^! \?^b! [! \! \! \!

k)0.,.&3! Z! hg! [! hg! [! [! \! \! \!
k'*,-1%'&! \! \! \! \! \! \! \! \! \!

[\\! w! \?^[! h! \?[h! \?wf! ^! \?\f! \?gg!
^\\! w! \?^[! w! \?^[! [! \! \! \!
g\\! [w! \?_f! [\! \?gw! \?wg! w! \?^[! \?gf!

k)0.,.&3! Z! ^b! [! ^\! \?f[! \?f[! b! \?^v! \?^v!
E$3,!
e,/'`,-.$!

\! ^! \?[w! ^! \?[w! [! \! \! \!
[\\! g! \?^_! g! \?^_! [! \! \! \!
^\\! \! \! \! \! \! \! \! \!
g\\! f! \?_b! f! \?_b! [! \! \! \!

k)0.,.&3! �! [^! [! [^! [! [! \! \! \!
k$//&! \! [! \?gg! [! \?gg! [! \! \! \!

[\\! [! \?gg! [! \?gg! [! \! \! \!
^\\! \! \! \! \! \! \! \! \!
g\\! [! \?gg! [! \?gg! [! \! \! \!

k)0.,.&3! Z! g! [! g! [! g! \! \! \!
Y&/'+p! \! \! \! \! \! \! \! \! \!

[\\! g! \?hg! g! \?hg! [! \! \! \!
^\\! h! \?_f! h! \?_f! [! \! \! \!
g\\! \! \! \! \! \! \! \! \!

k)0.,.&3! Z! f! [! f! [! [! \! \! \!
I&%'*'/,!5$!
B0/$)!

\! ^! [! ^! [! [! \! \! \!
[\\! \! \! \! \! \! \! \! \!
^\\! \! \! \! \! \! \! \! \!
g\\! \! \! \! \! \! \! \! \!

k)0.,.&3! Z! ^! [! ^! [! [! \! \! \!
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c,-$! A$7! W-5?! T%.'*&.$! kT! `Z8&3)$! C/!O� ` P! A$8?TS73&'-$5!! A'%7$/%',-!
T::!&0)-5&-+$!OV@Y?JEP!

BA! B0!
W-.$/+$7.! _?f[! \?hfg! [^?\hb! �!^$Z[w!���! v[?b^x!

!! \?gg!A'%.&-+$! Z\?\^! \?\\g! Zf?wv! ^?\g$Z[h!���!

CE! B0!
W-.$/+$7.! h?^b! \?ffv! _?h_! g?bf$Z\b!���! fb?v^x!

!! \?wb!A'%.&-+$! Z\?\[! \?\\g! Zh?w[\! h?\g$Z\w!���!

YY! B0!
W-.$/+$7.! ^?bb! \?ggf! b?_h! �^$Z[w!���! fh?w\x!

!!
\?ww!

A'%.&-+$! Z\?\[! \?\\[! Zw?w^! g?h[$Z[[!���!
B5)3.!!"#"$%&'()*+,-.$!&0)-5&-+$!OV@Y?JEP!

BA!

B0!
W-.$/+$7.! ^?^vh! \?\vv! ^g?\f\! �!^$Z[w!���!

g\x! [?h\[!A'%.&-+$! Z\?\\b! \?\\[! Z_?vhg! ^?fv$Z\v!���!

B0�,22%$.!
W-.$/+$7.! Z^?wvg! \?\vb! Z^f?hg_! �^$Z[w!���!

gx! [?hgw!A'%.&-+$! \?\\\v! \?\\[! \?f^w! \?hwb!

CE!

B0!
W-.$/+$7.! \?w\f! \?[w^! g?f^b! \?\\\[!���!

[?gx! [?[\!A'%.&-+$! \?\\[! \?\\\b! [?_[h! \?[^v!

B0�,22%$.!
W-.$/+$7.! Zh?_b[! \?[v\! Z^h?\_\! �!^$Z[w!���!

__?^vx! [?hf!A'%.&-+$! \?\\v! \?\\[! v?^^g! �!^$Z[w!���!

eY!

B0!
W-.$/+$7.! \?h[_! \?[wh! ^?_g\! \?\\[!�!

w?vx!
\?_[!
!!A'%.&-+$! Z\?\\w! \?\\\b! Z\?f[^! \?hfw!

B0�,22%$.!
W-.$/+$7.! Zh?[g! \?^[^! Z[v?hw\! �!^$Z[w!���!

hb?g^x! [?^f!A'%.&-+$! \?\\w! \?\\[! _?gvv! w?wv$Z\b!���!

BAm!B5,37>,!A)+t$y!CEm!C$5/&!E/&-+&y!YYm!Y,//,!5,%!Y&+&+,%y!A$7m!5$7$-5$-.!8&/'&03$y!
W-5m!'-5$7$-5$-.!8&/'&03$4!A$8m!5$8'&-+$y!B0m!&0)-5&-+$y!kT4!%.&-5&/5!$//,/?!



! [bv!

+,-.#!YK!4!k)**&/<!,2!.>$!*,3$+)3&/!&-&3<%$%!.,!&%%$%%!.>$!>,%.!2$$5'-:!0$>&8',/!,2!03,,5Z$-:,/:$5!
!"/%&'()*+,-.$!2$*&3$%?!
!
B/$&! A'%.! B0! C/'*$/%! G$/.$0/&.$! Yk! Lk! �I! T!8&3)$! W5$-.! BJ!
BA! \! [! [w%! 3/%'/%7&:+'+&>+$% [gf! [gf! [\\x! g?\\TZ^v! vbx! Yd[^bvh\!

[! [w%! 3/%'/%7&:+'+&>+$% [f[! [f[! vwx! g?\\TZgv! vbx! Yd[^bvh[!

[! [w%! 3/%'/%7&:+'+&>+$% [wf! [wf! vhx! _?\\TZgb! vbx! Yd[^bvh^!

[! [w%! 3/%'/%7&:+'+&>+$% [f^! [f^! vfx! [?\\TZgv! vbx! Yd[^bvhg!
[! [w%! 3/%'/%7&:+'+&>+$% [hg! [hg! [\\x! w?\\TZg[! vvx! Yd[^bvhh!
[! [w%! 3/%'/%7&:+'+&>+$% [[g! [[g! vwx! w?\\TZ^^! bfx! Yd[^bvh_!
[! [w%! 3/%'/%7&:+'+&>+$% [wv! [wv! v_x! [?\\TZgb! vbx! Yd[^bvhw!
[! [w%! 3/%'/%7&:+'+&>+$% [w_! [w_! vwx! ^?\\TZgf! vfx! Yd[^bvhf!
[! [w%! 3/%'/%7&:+'+&>+$% [wf! [wf! vwx! _?\\TZgb! vbx! Yd[^bvhb!
[! [w%! 3/%'/%7&:+'+&>+$% [gh! [gh! v^x! _?\\TZ^b! v^x! Yd[^bvhv!
[! [w%! 3/%'/%7&:+'+&>+$% [h_! [h_! vfx! ^?\\TZg[! vbx! Yd[^bv_\!
[! [w%! 3/%'/%7&:+'+&>+$% [f^! [f^! v_x! [?\\TZgv! vvx! Yd[^bv_[!
[! [w%! 3/%'/%7&:+'+&>+$% [w_! [w_! vwx! ^?\\TZgf! vfx! Yd[^bv_^!
[! [w%! 3/%'/%7&:+'+&>+$% [hf! [hf! [\\x! h?\\TZg^! [\\x! Yd[^bv_g!
[! [w%! F):)%$&*+"6$% [f[! [f[! [\\x! g?\\TZgv! vwx! Yd[^bv\[!
[! [w%! F):)%$&*+"6$% [fh! [fh! [\\x! g?\\TZh\! vfx! Yd[^bv\^!
[! [w%! F):)%$&*+"6$% [f^! [f^! [\\x! v?\\TZh\! vfx! Yd[^bv\g!
[! [w%! F):)%$&*+"6$% [fw! [fw! vfx! b?\\TZh[! vbx! Yd[^bv\_!
[! [w%! F):)%$&*+"6$% [wf! [wf! vgx! _?\\TZgb! vfx! Yd[^bv\w!
[! [w%! F):)%$&*+"6$% [w[! [w[! vgx! ^?\\TZgw! vfx! Yd[^bv\b!
[! [w%! F):)%$&*+"6$% [b^! [b^! vvx! ^?\\TZh^! vbx! Yd[^bv[\!
[! [w%! F):)%$&*+"6$% [fb! [fb! v_x! ^?\\TZh[! vvx! Yd[^bv[[!
[! [w%! F):)%$&*+"6$% [h[! [h[! [\\x! ^?\\TZg\! v_x! Yd[^bv[^!
[! [w%! F):)%$&*+"6$% [[v! [[v! vbx! [?\\TZ^g! bbx! Yd[^bv[g!
[! [w%! F):)%$&*+"6$% [fb! [fb! vhx! ^?\\TZh[! vvx! Yd[^bv[h!
[! [w%! F):)%$&*+"6$% [fb! [fb! vgx! ^?\\TZh[! vvx! Yd[^bv[_!
[! [w%! F):)%$&*+"6$% [g^! [g^! [\\x! [?\\TZ^f! vhx! Yd[^bv[w!
[! [w%! F):)%$&*+"6$% [b^! [b^! vbx! ^?\\TZh^! vbx! Yd[^bv[f!
[! [w%! F):)%$&*+"6$% [b\! [b\! vbx! w?\\TZh^! vbx! Yd[^bv[b!
[! [w%! F):)%$&*+"6$% [gh! [gh! vwx! _?\\TZ^b! v[x! Yd[^bv[v!
[! [w%! F):)%$&*+"6$% [f^! [f^! vfx! [?\\TZgv! vfx! Yd[^bv^\!
[! [w%! F):)%$&*+"6$% [fb! [fb! v_x! ^?\\TZh[! vvx! Yd[^bv^[!
[! [w%! F):)%$&*+"6$% [b^! [b^! vfx! ^?\\TZh^! vvx! Yd[^bv^^!
[! [w%! F):)%$&*+"6$% [gh! [gh! vbx! h?\\TZ^b! v_x! Yd[^bv^g!
[! [w%! F):)%$&*+"6$% [f^! [f^! vhx! [?\\TZgv! vbx! Yd[^bv^h!
[! [w%! F):)%$&*+"6$% [f\! [f\! vgx! h?\\TZgv! vbx! Yd[^bv^_!
[! [w%! F):)%$&*+"6$% [f^! [f^! v^x! [?\\TZgv! vbx! Yd[^bv^w!
[! [w%! F):)%$&*+"6$% [_^! [_^! vhx! [?\\TZgg! v_x! Yd[^bv^f!
[! [w%! F):)%$&*+"6$% [wb! [wb! vvx! ^?\\TZgb! vwx! Yd[^bv^b!
[! [w%! F):)%$&*+"6$% [f^! [f^! vgx! [?\\TZgv! vbx! Yd[^bv^v!
[! [w%! F):)%$&*+"6$% [f\! [f\! vgx! h?\\TZgv! vbx! Yd[^bvg\!
[! [w%! F):)%$&*+"6$% [h\! [h\! v^x! f?\\TZg\! vhx! Yd[^bvg[!
[! [w%! F):)%$&*+"6$% [f^! [f^! vhx! [?\\TZgv! vbx! Yd[^bvg^!
[! [w%! F):)%$&*+"6$% [w_! [w_! vbx! ^?\\TZgf! vfx! Yd[^bvgg!
[! [w%! F):)%$&*+"6$% [gh! [gh! [\\x! ^?\\TZ^b! v_x! Yd[^bvg_!
[! [w%! F):)%$&*+"6$% [f\! [f\! vgx! h?\\TZgv! vbx! Yd[^bvgw!
[! [w%! F):)%$&*+"6$% [_w! [_w! vhx! [?\\TZgh! vfx! Yd[^bvgf!
[! [w%! F):)%$&*+"6$% wg?v! wg?v! hgx! _?\\TZ\f! vfx! Yd[^bvgb!
[! I�E! F):)%$&*+"6$% _wv! _wv! vfx! [?\\TZ[_b! vvx! Yd[_g[b^!
[! I�E!! F):)%$&*+"6$% _fg! _fg! vwx! [?\\TZ[_v! vvx! Yd[_g[bg!
[! I�E!! F):)%$&*+"6$% _bw! _bw! vvx! [?\\TZ[wg! vvx! Yd[_g[b_!
[! I�E!! F):)%$&*+"6$% _b^! _b^! vwx! ^?\\TZ[w^! [\\x! Yd[_g[bf!
[! I�E!! F):)%$&*+"6$% _fv! _fv! vbx! ^?\\TZ[w[! vvx! Yd[_g[bv!
[! [w%! O&--.$%6)>C"1+,.$% [\w! [\w! v_x! [?\\TZ[v! bfx! Yd[^bv_w!
[! I�E!! O&--.$%6)>C"1+,.$% gvb! gvb! vbx! w?\\TZ[\f! v\x! Yd[_g[v[!
[! [w%! A)6&-+&%(+#"6$% b^?h! b^?h! w\x! [?\\TZ[^! vwx! Yd[^bv_h!
[! I�E!! A&>&(&%:&?)>% hww! hww! v\x! ^?\\TZ[^f! vwx! Yd[_g[v\!
[! [w%! A)6&-+&%(+#"6$% fb?b! fb?b! w^x! [?\\TZ[[! vwx! Yd[^bv__!

[\\!
[! [w%! F):)%$&*+"6$% [_\! [_\! [\\x! h?\\TZgg! vgx! Yd[^bv\v!
[! [w%! F):)%$&*+"6$% bf?b! bf?b! bbx! h?\\TZ[h! b^x! Yd[^bvgh!
[! I�E!! F):)%$&*+"6$% _ff! _ff! vvx! b?\\TZ[w[! vbx! Yd[_g[bb!

YY! \! [! [w%! F):)%$&*+"6$% [wf! [wf! vgx! _?\\TZgb! vfx! Yd[^bvgv!

CE!

\! [! [w%! F):)%$&*+"6$% [w[! [w[! vvx! ^?\\TZgw! vhx! Yd[^bv\f!

[\\!
[! I�E!! F):)%$&*+"6$% _v^! _v^! vfx! g?\\TZ[w_! [\\x! Yd[_g[bh!
[! I�E!! F):)%$&*+"6$% _wh! _wh! vwx! w?\\TZ[_f! vvx! Yd[_g[bw!

^\\! [! [w%! F):)%$&*+"6$% [wv! [wv! vhx! [?\\TZgb! vbx! Yd[^bv\h!

!

B/$&m!%&*73'-:!&/$&y!A'%.m!5'%.&-+$!2/,*!.>$!2,/$%.!$5:$y!B0m!J)*0$/!,2!&05,*$-%!2/,*!!"/%
&'()*+,-.$!2$*&3$%!&-&3<`$5!%$7&/&.$3<y!Ykm!Y&S'*)*!%+,/$y!Lkm!.,.&3!%+,/$y!�Im!()$/<!+,8$/y!T!
8&3)$!&-5!W5$-.!O'5$-.'.<Pm!8&3)$%!,0.&'-$5!{'.>!.>$!E@BkL!%$&/+>!OJIEW!{$0%'.$Py!BJm!B++$%%',-!
J)*0$/!'-!.>$!JIEW!{$0%'.$y!BAm!B5,37>,!A)+t$y!YYm!Y,//,!5,%!Y&+&+,%y!CEm!C$5/&!E/&-+&y![w%4!
[wk!/DJB!:$-$y!I�E4!+<.,+>/,*$!E!,S'5&%$!:$-$?!
!

!
!
!
!
!
!
!
!
!
!
!
!
!
!



 

! [v\!

!
!
!

O'P7%#!Y3!4!L>$!2'8$!>,/'`,-.&3!3'-$%!'-.$/%$+.!.$-!8$/.'+&3!5'%.&-+$%!2/,*!.>$!2,/$%.!$5:$!'-.,!.>$!2,/$%.!
.,! '-8$%.':&.$! .>$! 3'*'.%! ,2!!"/% &'()*+,-.$! 7$-$./&.',-?! L>$!{>'.$! 5,.%! /$7/$%$-.! .>$! +,33$+.',-! %'.$%!
&77/,S'*&.$3<!$8$/<![\\!*$.$/%?!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



! [v[!

D((#A#!C!4!R6$-%#!/z'(/'Q'/7*!,(,.F*?*!}!.z,'/#!/#!27&#!O.7'/P$<!

!
J,*0/$!56'-5'8'5)%!&-&3<%1%!;!36&'5$!5$!C)+$!l3)'5:*!+3&%%1%!7&/!:$-/$4!-,*0/$!!56$%7=+$%!7&/!
:$-/$!OJ�!kCP4!$%7=+$%4!-,*0/$!5$!7,,3%!&-&3<%1%!7&/!$%7=+$!OJCBP!$.!-,*0/$!.,.&3!56'-5'8'5)%!
&-&3<%1%!OJLYBP!;!Y&-&)%!
 

f6(#! P#(%#! Rk!Y2! #*B1&#! R2D! R+0D!

Y&-&)%!

!"#"$% h!

!"#"$%&"12*-+% [! [!
!"#"$%,)6#)'"6,"$% ^! ^!
!"#"$%&'()*+,-.$% [hh! [_\f!
!"#"$%7'.C+&-+'+$% [! g!

3.'"4% _!

3.'"4%">>&-+,.$%

[w\!

w^^!
3.'"4%:)''+$% vhv!
3.'"4%6+1>+*&'*.$% [h!
3.'"4%*+')$.$% [b^!
3.'"4%83&>>)'+&;%$*/% [[!
3.'"4%$*/% w[!

F&":&1)1.$% [! F&":&1)1.$%'".,),"'&"6.$% ^! g!

L+:&-.$% ^!
L+:&-.$%#.>=&:++%

[w!
^gw!

L+:&-.$%*$".#):"-=2$-+,.$% [w!
L+:&-.$%$*/% [w!

@>-=)*)#):2+&% [! @>-=)*)#):2+&%7&$,+*"$% h! f!

E$)>)*=)>&% ^!
E$)>)*=)>&%&'(+*"$%

[^!
[^f!

E$)>)*=)>&%'.-P++% ^h!
E$)>)*=)>&%$*/% w!

9&("-="$% [! 9&("-="$%5.&$+,2&6".$% w! [g!
A>+,=)*>)$)*)6% [! A>+,=)*>)$)*)6%#+1+-&-.:% ^_! [^_!
]>&6)-"6+&% [! ]>&6)-&"6+&%,&')$):&-&% ^! ^!

Q2"):2+&% ^!
Q2"):2+&%&*)>)6):&%

w!
f!

Q2"):2+&%:"'&6),"*=&'&% [!
Q2"):2+&%$*/% h!

+6),.! 3N! >N! ! IC3! I=I=!

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

! [v^!

J,*0/$!56'-5'8'5)%!&-&3<%1%!;!36&'5$!5$!C)+$!l3)'5:*!+3&%%1%!7&/!:$-/$4!-,*0/$!!56$%7=+$%!7&/!
:$-/$!OJ�!kCP4!$%7=+$%4!-,*0/$!5$!7,,3%!&-&3<%1%!7&/!$%7=+$!OJCBP!$.!-,*0/$!.,.&3!56'-5'8'5)%!
&-&3<%1%!OJLYBP!;!V,'&-'&?!
!
!

f6(#! P#(%#! Rk!Y2! #*B1&#! R2D! R+0D!

V,'&-'&!

!"#"):+2&% [! !"#"):2+&%$5.&:+*"66+$% h! ^v!

!"#"$% h!

!"#"$%&"12*-+% ^! h!
!"#"$%&'()*+,-.$% [\! wg!
!"#"$%$,&*.'&>+$% [! [!
!"#"$%$">>&-.$% [! [!
!"#"$%$*/% h! b!

3)5.+''"--+#+&% ^!
3)5.+''"--+#+&%$*/%

g!
w!

3)5.+''"--+#+&%&'(+,)$-&% h!
3)5.+''"--+#+&%C"6"P."'"6$+$% b! _[!

3.'"4% w!

3.'"4%#",'&>&-)>%

^f!

[!
3.'"4%#)')$.$% gh!
3.'"4%">>&-+,.$% [\w!
3.'"4%+#)--.$% w\!
3.'"4%6+1>+*&'*.$% _f!
3.'"4%$*/% [\b!
3.'"4%5.+65."7&$,+&-.$% ^f!

I"+6),">+-"$%$*% [! I"+6),">+-"$%$*% [! ^!
F&":&1)1.$% [! F&":&1)1.$%'".,),"'&"6.$% [! [!
L+:&-.$% [! L+:&-.$%#.>=&:++% b! fv!
Z&6$)6+&% [! Z&6$)6+&%$*/% ^! ^!
@>-=)*)#):2+&% [! @>-=)*)#):2+&%7&$,+*"$% [! ^!
E$)>)*=)>&% [! E$)>)*=)>&%$*/% ^! ^!

%

9&("-="$%
g!

9&("-="$%89&("-="$;%$*/%

[[!

b!
9&("-="$%89&("-=+6.$;%$*/% [w!
9&("-="$%89&("-=)+#";%$*/% ^!
9&("-="$%("'+$&>+)+% [!
9&("-="$%+6-">:"#+.$% [!
9&("-="$%5.&$+,2&6".$% [!

Q2"):2+&% [! Q2"):2+&%$*/% g! [^!
+6),.! 3I! >I! ! M=! LM=!

!
!
J,*0/$!56'-5'8'5)%!&-&3<%1%!;!36&'5$!5$!C)+$!l3)'5:*!+3&%%1%!7&/!:$-/$4!-,*0/$!!56$%7=+$%!7&/!
:$-/$!OJ�!kCP4!$%7=+$%4!-,*0/$!5$!7,,3%!&-&3<%1%!7&/!$%7=+$!OJCBP!$.!-,*0/$!.,.&3!56'-5'8'5)%!
&-&3<%1%!OJLYBP!;!D',!5$!#&-$'/,?!
 

f6(#! P#(%#! Rk!Y2! #*B1&#! R2D! R+0D!

D',!5$!#&-$'/,!

!"#"$% w!

!"#"$%&"12*-+% ^! w\!
!"#"$%&'()*+,-.$% ^h! gb[!
!"#"$%7'.C+&-+'+$% [! [!
!"#"$%$,&*.'&>+$% [! [!
!"#"$%-">>"6$% [! [!
!"#"$%-&"6+)>=26,=.$% _! h!

3)5.+''"--+#+&% [! 3)5.+''"--+#+&%$*/% [! [!

3.'"4% ^!

3.'"4%6+1>+*&'*.$%

wf!

vf_!
3.'"4%8Z"'&6),)6+)6;%$*/% [f!
3.'"4%5.+65."7&$,+&-.$% hbg!
3.'"4%$*/% hb!
3.'+,+6&"% [\!

F&":&1)1.$% [! F&":&1)1.$%'".,),"'&"6.$% [! [g!
Z&6$)6+&% [! Z&6$)6+&%$*/% [! [!
E$)>)*=)>&% [! E$)>)*=)>&%$*/% g! _!
O.6,=):2+&% [! O.6,=):2+&%$*/% ^! v!
9&("-="$% [! 9&("-="$%$*/% g! f!
A>+,=)*>)$)*)6% [! A>+,=)*>)$)*)6%$*/% [! [!

Q2"):2+&% g!

Q2"):2+&%&*)>)6):&%

^b!

[!
Q2"):2+&%$*'"6#+#&% ghv!
Q2"):2+&%,)67.$&% ^!
Q2"):2+&%$*/% ff!

+6),.! 3N! 3M! ! 3J3! >JJC!

!
!
!
!



! [vg!

!
J,*0/$!56'-5'8'5)%!&-&3<%1%!;!36&'5$!5$!C)+$!l3)'5:*!+3&%%1%!7&/!:$-/$4!-,*0/$!!56$%7=+$%!7&/!
:$-/$!OJ�!kCP4!$%7=+$%4!-,*0/$!5$!7,,3%!&-&3<%1%!7&/!$%7=+$!OJCBP!$.!-,*0/$!.,.&3!56'-5'8'5)%!
&-&3<%1%!OJLYBP!;!k'*,-1%'&?!
 

f6(#! P#(%#! Rk!Y2! #*B1&#! R2D! R+0D!

k'*,-1%'&!

!"#"$% g!

!"#"$%&'()*+,-.$% [w! ^b!
!"#"$%$,&*.'&>+$% [f! h\!
!"#"$%-">>"6$% g! h!
!"#"$%$*/% g! f!

3)5.+''"--+#+&% ^!
3)5.+''"--+#+&%$*/% [\! [^!
3)5.+''"--+#+&%&'(+,)$-&% [! [!
3)5.+''"--+#+&%C"6"P."'"6$+$% g! g!

3.'"4% [! 3.'"4%$*/% w! w!

F&":&1)1.$% ^!
F&":&1)1.$%?&6--=+6):2$% ^! ^!
F&":&1)1.$%'".,),"'&"6.$% ^w! gw!

L+:&-.$% [!
L+:&-.$%$*/% g! f!
L+:&-.$%#.>=&:++% g\! [\h!

E$)>)*=)>&% ^!
E$)>)*=)>&%7">)4% w! b!
E$)>)*=)>&%$*/% ^! ^!

O.6,=):2+&% [! O.6,=):2+&%$*/% g! _!

9&("-="$% _!

9&("-="$%8I&C/;%*"->),,=+"% [f! w[!
9&("-="$%&'(+*>+C.$% hf! [hf!
9&("-="$%,=')>)*-">.$% ^! ^!
9&("-="$%5.&$+,2&6".$% [! [!
9&("-="$%S=+-:&6+% [! [!
9&("-="$%$*/% [v! ^b!

A>+,=)*>)$)*)6% [! A>+,=)*>)$)*)6%$*/% ^! ^!

Q2"):2+&% _!

Q2"):2+&%&*)>)6):&% [! ^!
Q2"):2+&%,)67.$&% [! g!
Q2"):2+&%:"#+)&'(+*"$% ^! g!
Q2"):2+&%:"'&6),"*=&'&% [! [!
Q2"):2+&%:2$-"$% [! h!
Q2"):2+&%$*/% [g! gh!

+6),.! % >I! % >I=! KKJ!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



 

! [vh!

J,*0/$!56'-5'8'5)%!&-&3<%1%!;!36&'5$!5$!C)+$!l3)'5:*!+3&%%1%!7&/!:$-/$4!-,*0/$!!56$%7=+$%!7&/!
:$-/$!OJ�!kCP4!$%7=+$%4!-,*0/$!5$!7,,3%!&-&3<%1%!7&/!$%7=+$!OJCBP!$.!-,*0/$!.,.&3!56'-5'8'5)%!
&-&3<%1%!OJLYBP!;!A,*'-:,%!Y&.'-%?!
!

f6(#! P#(%#! Rk!Y2! #*B1&#! R2D! R+0D!

A,*'-:,%!Y&/.'-%!

!"#"$% h!

!"#"$%&'()*+,-.$% g! _!
!"#"$%&>12>)-=)>&4% [! [!
!"#"$%$,&*.'&>+$% [v! hg!
!"#"$%$">>&-.$% g! _!
!"#"$%$*/% [! [!

3)5.+''"--+#+&% [! 3)5.+''"--+#+&%?.$-&:&6$)6+&% [! [!
3.'"4% [! 3.'"4%6+1>+*&'*.$% ^! ^!
F&":&1)1.$% [! F&":&1)1.$%'".,),"'&"6.$% [! ^!

L+:&-.$% ^!

L+:&-.$%#.>=&:++% [f! gv!
L+:&-.$%*$".#):"-+$-+,.$% [! [!
L+:&-.$%$*/% [! [!

E$)>)*=)>&% ^!

E$)>)*=)>&%7">)4% [! [!
E$)>)*=)>&%'.-P++% ^! ^!
E$)>)*=)>&%$*/% h! _!

O.6,=):2+&% [!
O.6,=):2+&%=.:()'#-+% [! [!
O.6,=):2+&%$*/% [! [!

9&("-="$% [! 9&("-="$%$*/% [! [!

Q2"):2+&% g!

Q2"):2+&%:2$-"$% ^! g!
Q2"):2+&%().>>).'+% ^! ^!
Q2"):2+&%,)67.$&% f! [h!
Q2"):2+&%$*/% _! f!

+6),.! % 3L! % CL! 3IM!

!
!
J,*0/$!56'-5'8'5)%!&-&3<%1%!;!36&'5$!5$!C)+$!l3)'5:*!+3&%%1%!7&/!:$-/$4!-,*0/$!!56$%7=+$%!7&/!
:$-/$!OJ�!kCP4!$%7=+$%4!-,*0/$!5$!7,,3%!&-&3<%1%!7&/!$%7=+$!OJCBP!$.!-,*0/$!.,.&3!56'-5'8'5)%!
&-&3<%1%!OJLYBP!;!k$//&?!
 

f6(#! P#(%#! Rk!Y2! #*B1&#! R2D! R+0D!

k$//&!

!"#"$% g!

!"#"$%&'()*+,-.$% ^! ^!
!"#"$%$,&*.'&>+$% hb! ^[w!
!"#"$%-&"6+)>=26,=.$% [! [!
!"#"$%$*/% [! [!

3)5.+''"--+#+&% _!

3)5.+''"--+#+&%=">:&6)+% [! [!
3)5.+''"--+#+&%$*/% [b! w\!
3)5.+''"--+#+&%?.$-&:&6$)6+&% _! [_!
3)5.+''"--+#+&%6+1>+,&6$% [! w!
3)5.+''"--+#+&%$=&66)6+% [! [!

3.'"4% ^!
3.'"4%$*/% [\! ^\!
3.'"4%6+1>+*&'*.$% [! [!
3.'"4%5.+65."7&$,+&-.$% ^! _!

Z&6$)6+&% ^!
Z&6$)6+&%+6#.(+-&6$% [^! ff!
Z&6$)6+&%-+-+''&6$% g! [h!
Z&6$)6+&%$*/% h! b!

E$)>)*=)>&% [! E$)>)*=)>&%$*/% [! [!
+6),.! % 3I! % 333! J>=!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



! [v_!

J,*0/$!56'-5'8'5)%!&-&3<%1%!;!36&'5$!5$!C)+$!l3)'5:*!+3&%%1%!7&/!:$-/$4!-,*0/$!!56$%7=+$%!7&/!
:$-/$!OJ�!kCP4!$%7=+$%4!-,*0/$!5$!7,,3%!&-&3<%1%!7&/!$%7=+$!OJCBP!$.!-,*0/$!.,.&3!56'-5'8'5)%!
&-&3<%1%!OJLYBP!;!I&%'*'/,!5$!B0/$)?!
!

f6(#! P#(%#! Rk!Y2! #*B1&#! R2D! R+0D!

I&%'*'/,!5$!B0/$)!

!"#"$% g!
!"#"$%&'()*+,-.$% ^! ^!
!"#"$%7.'C+-=)>&4% ^! ^!
!"#"$%$,&*.'&>+$% gg! gfb!

!"#"):2+&% [! !"#"):2+&%$*/% [! [!
F&":&1)1.$% [! F&":&1)1.$%'".,),"'&"6.$% [h! [_!
E$)>)*=)>&% [! E$)>)*=)>&%$*/% [! [!

9&("-="$% ^!
9&("-="$%&.>"$,"6$% [! [!
9&("-="$%&'(+*>+C.$% [! [!
9&("-="$%$*/% f! [h!

+6),.! % M! % L>! J3K!

!
!
J,*0/$!56'-5'8'5)%!&-&3<%1%!;!36&'5$!5$!C)+$!l3)'5:*!+3&%%1%!7&/!:$-/$4!-,*0/$!!56$%7=+$%!7&/!
:$-/$!OJ�!kCP4!$%7=+$%4!-,*0/$!5$!7,,3%!&-&3<%1%!7&/!$%7=+$!OJCBP!$.!-,*0/$!.,.&3!56'-5'8'5)%!
&-&3<%1%!OJLYBP!;!Y&/'+&?!
!

f6(#! P#(%#! Rk!Y2! #*B1&#! R2D! R+0D!

Y&/'+&!

!"#"$% _!

!"#"$%&"12*-+% [! [!
!"#"$%&'()*+,-.$% w! f!
!"#"$%&>12>)-=)>&4% [! [!
!"#"$%$,&*.'&>+$% w^! gbf!
!"#"$%-&"6+)>=26,=.$% [hh! [^b_!
!"#"$%$*/% g! [g!

3.'"4% [!
3.'"4%$*/% ^^! [g^!
3.'"4%6+1>+*&'*.$% ^v! [\v!

F&":&1)1.$% ^!
F&":&1)1.$%?&6-=+6):2$% [! ^!
F&":&1)1.$%'".,),"'&"6.$% _b! ^^h!

L+:&-.$% [!
L+:&-.$%#.>=&:++% [v! _\!
L+:&-.$%$*/% [! ^!

O.6,=):2+&% ^!
O.6,=):2+&%7>)6-)$&% ^! ^!
O.6,=):2+&%=.:()'#-+% g! g!
O.6,=):2+&%$*/% h! w!

9&("-="$% [! 9&("-="$%,=')*-">.$% [! [!

A>+,=)*>)$)*)6% [!
A>+,=)*>)$)*)6%$*/% ^! ^!
A>+,=)*>)$)*)6%#+1+-&-.:% [! [!

Q2"):2+&% g!

Q2"):2+&%().>>).'+% g! g!
Q2"):2+&%,)67.$&% w! v!
Q2"):2+&%:2$-"$% h! _!
Q2"):2+&%$*/% _! w!

+6),.! % 3L! % ICM! >>K3!

!
!
J,*0/$!56'-5'8'5)%!&-&3<%1%!;!36&'5$!5$!C)+$!l3)'5:*!+3&%%1%!7&/!:$-/$4!-,*0/$!!56$%7=+$%!7&/!
:$-/$!OJ�!kCP4!$%7=+$%4!-,*0/$!5$!7,,3%!&-&3<%1%!7&/!$%7=+$!OJCBP!$.!-,*0/$!.,.&3!56'-5'8'5)%!
&-&3<%1%!OJLYBP!;!k&38&5,/?!
!

f6(#! P#(%#! Rk!Y2! #*B1&#! R2D! R+0D!

k&38&5,/!
!"#"$% ^!

!"#"$%&'()*+,-.$% g\! hg!
!"#"$%$,&*.'&>+$% _! f!

9&("-="$% [! 9&("-="$%$*/% [! [!
+6),.! % I! % IL! K3!

!
!
!
!
!
!
!
!
!
!



 

! [vw!

!
!
J,*0/$!56'-5'8'5)%!&-&3<%1%!;!36&'5$!5$!C)+$!l3)'5:*!+3&%%1%!7&/!:$-/$4!-,*0/$!!56$%7=+$%!7&/!
:$-/$!OJ�!kCP4!$%7=+$%4!-,*0/$!5$!7,,3%!&-&3<%1%!7&/!$%7=+$!OJCBP!$.!-,*0/$!.,.&3!56'-5'8'5)%!
&-&3<%1%!OJLYBP!;!E$3,!e,/'`,-.$?!
!

f6(#! P#(%#! Rk!Y2! #*B1&#! R2D! R+0D!

E$3,!e,/'`,-.$!

!"#"$% g!

!"#"$%&'()*+,-.$% [\! [h!
!"#"$%7.'C+-=)>&4% [! [!
!"#"$%$,&*.'&>+$% fh! gh^!
!"#"$%$*/% [! [!

3.'"4% ^!
3.'"4%$*/% h! h!
3.'"4%,)>)6&-)>% [! [!
3.'"4%5.+65."7&$,+&-.$% [! [!

F&":&1)1.$% [! F&":&1)1.$%'".,),"'&"6.$% [\! [h!
L+:&-.$% [! L+:&-.$%#.>=&:++% f! [[!

E$)>)*=)>&% [!
E$)>)*=)>&%7">)4% _! _!
E$)>)*=)>&%$*/% g! g!

9&("-="$% [!
9&("-="$%&'(+*>+C.$% gh! _\!
9&("-="$%$*/% w! w!

Q2"):2+&% [! Q2"):2+&%:"#+)&'(+*"$% f! f!
L,.&3! ! [\! % [wh! hw\!

!
!
!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!



! [vf!

[,.6%'*,)'6(<!

2,%)'&'B,)'6(!}!/#*!&6(P%1*!#)!#(*#'P(#$#()<!
!
T-%$':-&-.$! 5&-%! 3$%! LC! 5)! *,5)3$! 5$! E',3,:'$! '-.1:/&.'8$Z! e@ET[\[!
OX-'8$/%'.1!5$!Y,-.7$33'$/P?!g\>!5$!k$7.$*0/$!&!A1+$*0/$!5$!^\[w!
!
T-%$':-&-.$!5&-%!3$%!LA!5)!*,5)3$!5$!E&%$!V$-$.'()$!5$!3F$8,3).',-ZE@ETw\_!
OX-'8$/%'.1!5$!Y,-.7$33'$/P?!g\>!5$!#&-8'$/!;!Y&'4!^\[f!!
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